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The P r o p i o n i  b a c t e r i u m  s p e c i e s  p o s s e s s  s e v e r a l  a t t r i b u t e s  t h a t  would 
a l l o w  them t o  s u r v i v e  i n  an e s t u a r i n e  e c o s y s t e m .  Th i s  i n v e s t i g a t i o n  
i s  c on ce rn e d  w i t h  t h e  d i s t r i b u t i o n  and s u r v i v a l  o f  t h e  P r o p i o n i b a c ­
t e r i u m  sp .  in  t h e  G r e a t  Bay E s t u a r y  a t  New Hampshi re .  To a i d  i n  t h e  
e nu me r a t i o n  o f  p r o p i o n i b a c t e r i a ,  a s e l e c t i v e  medium was d e ve lo p e d  
t h a t  d e m o n s t r a t e d  g r e a t e r  t h a n  99.9% s e l e c t i v i t y  from s k i n  s am p l e s .  
F a i l u r e  t o  d e t e c t  p r o p i o n i b a c t e r i a  from w a t e r ,  s e d i m e n t ,  f i s h ,  and 
s h e l l f i s h  prompted an i n v e s t i g a t i o n  i n t o  f a c t o r s  t h a t  may i n f l u e n c e  
s u r v i v a l .  Te mp e ra t u r e  a p p e a r s  t o  be t h e  ma jo r  f a c t o r  a f f e c t i n g  t h e  
P r o p i o n i b a c t e r i u r n 1s a b i l i t y  t o  e s t a b l i s h  a n i c h e .  An i n c r e a s e  i n  
s a l i n i t y  had a s t i m u l a t o r y  e f f e c t  on t h e  animal  s t r a i n s ,  r e s u l t i n g  
in s h o r t e r  g e n e r a t i o n  t i m e s .  C o n v e r s e l y ,  an i n c r e a s e  in  s a l i n i t y  
caused  an i n c r e a s e  i n  t h e  g e n e r a t i o n  t i me  o f  t h e  d a i r y  i s o l a t e ;  
y i e l d ,  however ,  was n o t  a f f e c t e d .  The p r o p i o n i b a c t e r i a ' s  a b i l i t y  t o  
t o l e r a t e  t h e  c o n c e n t r a t i o n s  o f  s a l t s  found in  s e a w a t e r  may have s i g ­
n i f i c a n t  i n d u s t r i a l  i m p l i c a t i o n s .  One o f  t h e  problems  f a c i n g  i n d u s ­
t r i a l  f e r m e n t a t i o n s  i s  t h e  r e q u i r e m e n t  f o r  l a r g e  amounts  o f  f r e s h  
w a t e r ;  c o n v e r t i n g  f e r m e n t a t i o n s  t o  s e a w a t e r ,  w i t h o u t  d e t r i m e n t a l  
e f f e c t s ,  would e l i m i n a t e  much o f  t h e  w a t e r  a v a i l a b i l i t y  problems
f a c i n g  t h e  f e r m e n t a t i o n  i n d u s t r y .
vi  i i
INTRODUCTION
Taxonomy o f  P r o p i o n i b a c t e r i a
von F r e u d e n r e i c h  and O r l a - J e n s e n  (1906)  were  t h e  f i r s t  t o  d e s ­
c r i b e  p r o p i o n i c  a c i d - p r o d u c i n g  b a c t e r i a  i s o l a t e d  from c h e e s e .  Sub­
s e q u e n t  work by Sherman (1921)  and van Nie l  (1928)  r e v e a l e d  many 
d i f f e r e n t  s p e c i e s  o f  p r o p i o n i c  a c i d - p r o d u c i n g  b a c t e r i a  t o  be p r e v a ­
l e n t  i n  c h e e s e  and o t h e r  d a i r y  p r o d u c t s ,  r e s p e c t i v e l y .  In 1928 van 
Ni el  p l a c e d  t h e s e  b a c t e r i a  i n t o  a new g e nu s ,  P r op i  oni  b a c t e r i u m .
In t h e  7 t h  e d i t i o n  o f  B e r g e y ' s  Manual ( B re e d ,  e t  a l , 1957)  t h e  
genus Propi  oni  b a c t e r i  um i s  d e s c r i b e d  a s  Gram p o s i t i v e ,  n o n - m o t i l e ,  
n o n - s p o r e f o r m i n g  b a c t e r i a  which grow u nde r  a n a e r o b i c  c o n d i t i o n s  and 
d e m o n s t r a t e  g r e a t  d i v e r s i t y  o f  c e l l u l a r  morpho l ogy ,  from s t r e p t o c o c c i ­
l i k e  c e l l s  t o  l ong  i r r e g u l a r ,  c l u b - s h a p e d  and b r anched  c e l l s .  They 
f e rm e n t  l a c t i c  a c i d ,  c a r b o h y d r a t e s , and po l y hy dr o x y  a l c o h o l s  w i t h  t h e  
p r o d u c t i o n  o f  p r o p i o n i c  and a c e t i c  a c i d s  and c ar bon  d i o x i d e  ( C t ^ ) ,  
p r o p i o n i c  a c i d  be i ng  t h e  ma jo r  p r o d u c t .  Most  s p e c i e s  a r e  s t r o n g l y  
c a t a l a s e - p o s i t i v e .  T h e i r  n u t r i t i o n a l  r e q u i r e m e n t s  a r e  complex ,  a l l  
r e q u i r e  p a n t o t h e n i c  a c i d ,  t h e  m a j o r i t y  r e q u i r e  b i o t i n ,  and a few r e ­
q u i r e  e i t h e r  t h i a m i n e  o r  p a r a - a m i n o b e n z o i c  a c i d .  M a c r o s c o p i c a l l y  
v i s i b l e  c o l o n i e s  g e n e r a l l y  a r e  n o t  d i s c e r n i b l e  i n  l e s s  t h a n  f i v e  t o  
seven  d ay s .  T h e i r  optimum growth  t e m p e r a t u r e  and pH i s  30°C and 7 . 0 ,  
r e s p e c t i v e l y . T h e i r  n a t u r a l  h a b i t a t  i s  d e s c r i b e d  as  d a i r y  p r o d u c t s ,  
e s p e c i a l l y  ha rd  c h e e s e .  El even s p e c i e s  were  r e c o g n i z e d  by t h e  a u t h o r s .  
Thi s  d e s c r i p t i o n  o f  t h e  genus P r o p i o n i b a c t e r i u m  was o r i g i n a l l y  p roposed
1
2by Or l a - J e ns e n  in 1909 wi th  r e v i s i o n s  by van Ni el  in  1944.
The d e s c r i p t i o n  o f  t h e  genus remained w i t h o u t  c o n t r o v e r s y  u n t i l  
1946 when Douglas and Gunter  proposed t h e  t r a n s f e r  o f  t h e  organism 
known as Corynebac t e r ium acnes  (C_. a c n e s ) t o  t h e  genus Prop ion i  b a c t e r ­
ium, as P_. a c n e s . The proposa l  i n i t i a t e d  much c on fu s i on  c on ce rn i ng  
t h e  then  used d e s c r i p t i o n  o f  t h e  genus P r o p i o n i b a c t e r i u m  and t he  
taxonomic p o s i t i o n  o f  t h e  s o - c a l l e d  " a n a e ro b ic  c o r y n e b a c t e r i a " . The 
a na e r o b i c  c o r y n e b a c t e r i a , t h e  "acnes  b a c i l l u s "  be ing t h e  most  n o t a b l e ,  
were u n t i l  r e c e n t l y  (Moore and Hoi deman, 1974) c l a s s i f i e d  as members 
o f  t h e  genus C o ry ne bac t e r i um . The 7th e d i t i o n  o f  Ber gey1s Manual 
(Breed e t  a l , 1957) r e c o gn i z e d  f i v e  s p e c i e s  o f  a n a e r o b i c  c o r y n e bac ­
t e r i a .  To u n d e r s t an d  how such c on f u s io n  s t a r t e d ,  i t  i s  i m p o r t a n t  t o  
r e a l i z e  t h e  c o r y n e b a c t e r i a  pos se ss  t h e  same d i v e r s e  c e l l u l a r  morphology 
c h a r a c t e r i s t i c  o f  t h e  p r o p i o n i b a c t e r i a .  Corynebac te r ium d i f f e r s  from 
t he  o r i g i n a l  P r o p i o n i b a c t e r i u m  by having  a h i g h e r  optimum t e m p e r a t u r e ,  
g e n e r a l l y  37°C, and by be ing  i n h a b i t a n t s  and somet imes pathogens  o f  
p l a n t s  and a n i m a l s .  The a n a e r o b i c  c o r y n e b a c t e r i a  were t h e r e f o r e  
p laced in t he  genus Corynebac te r ium because  o f  c e l l  morphology,  optimum 
t e m p e r a t u r e ,  and s o u r c e  o f  i s o l a t i o n ,  an i ma l .
In 1897,  Sabouraud f i r s t  i s o l a t e d  t h e  " a c n e s - b a c i l l u s "  from acne  
comedones [ D o u g l a s  and Gunt e r ,  1946) ,  In 1923,  Bergey e t  al p l aced  
t h i s  organism in t h e  genus Corynebac t e r ium based on c e l l  morphology.
By 1940,  f o u r  a d d i t i o n a l  s p e c i e s  o f  a n a e r o b i c  c o r y n e b a c t e r i a  were i s o ­
l a t e d  and d e s c r i b e d  (Breed e t  a l , 1957) .
Douglas and Gunter  (1946) were t h e  f i r s t  t o  i n v e s t i g a t e  t h e  f e r ­
men t a t i on  e nd - p r od uc t s  o f  C_. a c n e s . T h e i r  r e s u l t s  showed t h a t  C_. 
acnes produced a c e t i c  and p r o p i o n i c  a c i d s  and CC^ from g l ucose  but  not
3from l a c t a t e .  Because o f  t h e i r  c e l l  morphology,  r e q u i r e m e n t  f o r  a n a e r ­
ob i c  c o n d i t i o n s ,  and f e r m e n t a t i o n  e n d - p r o d u c t s ,  Douglas and Gunter  
sugges t ed  t h e  t r a n s f e r  o f  C_. acnes  t o  t h e  genus Propi  oni  b a c t e r i  urn as  
JP. a c n e s . This  s u g g e s t i o n  was in  d i r e c t  c o n f l i c t  wi th  t h r e e  o t h e r  
c h a r a c t e r i s t i c s  o f  t h e  p r o p i o n i b a c t e r i a :  i )  an optimum t e m p e r a t u r e  o f  
30°C, i i )  d a i r y  p r od u c t s  as t h e i r  h a b i t a t ,  and i i i )  t h e  a b i l i t y  t o  
c o n v e r t  l a c t i c  to  p r o p i o n i c  a c i d .  The f i r s t  two were o f  minor  c o n s i d ­
e r a t i o n ;  however ,  t h e  l a t t e r  was a major  f a c t o r  in m a i n t a i n i n g  t h e  
a c n e s - b a c i l l u s  in  t he  genus Co r y n e ba c t e r i u m .
Breed e t  a l  ( 1957) ,  Sherman ( 1959) ,  and P r evo t  and F r e d e t t e  
(1956) c o ns id e re d  t h e  c o nv e r s i o n  o f  l a c t a t e  t o  p r o p i o n a t e  as a major  
r equ i r emen t  f o r  t h e  P r o p i on ib a c t e r i u r n  and t h e r e f o r e  r e f u s e d  t o  a c c e p t  
t he  proposed t r a n s f e r .  Douglas and Gunte r  took t he  oppos ing  view,  
s t a t i n g  t h a t  t h e  r e q u i r e m e n t  o f  f e rme n t i n g  l a c t a t e  be e l i m i n a t e d  from 
t he  d e s c r i p t i o n  o f  Propi  oni  b a c t e r i  urn. Al though u n s u cc e s s f u l  in  having 
£ .  acnes  t r a n s f e r r e d  t o  t h e  genus P r o p i o n i b a c t e r i u m , Douglas and 
Gunter  did i n i t i a t e  i n t e r e s t  in t h e  taxonomic p o s i t i o n  o f  t h e  a n a e r o b i c  
c o r y n e b a c t e r i a .
G u t i e r r e z  (1953)  i s o l a t e d  Gram p o s i t i v e  rods  from t h e  rumen o f  
c a t t l e  on a medium e n r i c h e d  wi t h  sodium l a c t a t e .  The b a c t e r i a  were 
m o r p h o l o g i c a l l y  and b i o c h e m i c a l l y  s i m i l a r  t o  C_. a c n e s . They produced 
a c e t i c  and p r o p i o n i c  a c i d s  and CO^  from g l u c o s e ,  but  more i m p o r t a n t l y  
they  produced p r o p i o n i c  a c i d  from l a c t i c  a c i d .  I t  was a ga in  s u gg es t e d  
t h a t  t h e s e  and t h e  p re v io u s  i s o l a t e s  o f  C_. acnes  be p l aced  i n  t h e  
genus Prop ion i  b a c t e r i u m . I t  was b rought  t o  G u t i e r r e z ' s  a t t e n t i o n  
(. through per sonal  communicat ion)  t h a t  Douglas had,  s i n c e  t h e  1946 
p u b l i c a t i o n ,  i s o l a t e d  C. acnes  from human s ou rc es  t h a t  u t i l i z e d  l a c -
4t a t e  and produced p r o p i o n a t e .
Moore and Cato (1963) examined s e v e r a l  s t r a i n s  o f  C. acnes  and 
found t h a t  a l l  f e rmen t ed  l a c t a t e  wi th  t h e  p r o d u c t i o n  o f  p r o p i o n a t e .  
The i r  i n v e s t i g a t i o n  d emons t r a t ed  t h e  r e q u i r e me n t  o f  s t r i c t  a n a e r o b i c  
c o n d i t i o n s  f o r  t h e  f e r m e n t a t i o n  o f  l a c t a t e  by C_. a c n e s . Thi s  may 
e xp l a i n  t h e  n e g a t i v e  r e s u l t s  f o r  t h e  f e r m e n t a t i o n  o f  l a c t a t e  o b t a i n ­
ed by Douglas and Gunter  (1946) .  G u t i e r r e z  (1953) used t h e  methods 
o f  Hungate (.1950) t o  produce  a n a e r o b i o s i s , which,  even t o d a y ,  a r e  
c o ns id e r ed  one o f  t h e  b e s t  means o f  c u l t u r i n g  o b l i g a t e l y  a n a e r o b i c  
b a c t e r i a .
In t h e  s t u d y ,  Moore and Cato (.1963) per formed s e r o l o g i c a l  t e s t s  
on t h e i r  s t r a i n s  o f  _C. acnes  and e i g h t  e s t a b l i s h e d  s p e c i e s  o f  p r o ­
p i o n i b a c t e r i a .  The _C. acnes  d e mons t r a t ed  a n t i g e n s  common t o  s i x  
o t h e r  p r o p i o n i b a c t e r i a .  I t  i s  s u r p r i s i n g  t o  no te  t h a t  a few s p e c i e s  
o f  p r o p i o n i b a c t e r i a  de mo n s t r a t e d  c r o s s - r e a c t i v i t y  o n l y  wi th  C_. acnes  
and not  t h e  o t h e r  seven p r o p i o n i b a c t e r i a .  They s u p p o r t e d  t h e  r e c l a s s i ­
f i c a t i o n  su gg es te d  by Douglas and Gunter  (1946) and added t h a t  r e d e ­
f i n i n g  t h e  P r o p i on ib a c t e r i u r n  t o  i n c l u d e  n o n - l a c t a t e - f e r m e n t i n g  s p e c i e s  
i s  no t  n e c e s s a r y .  In 1966,  i t  was recommended by t h e  American S o c i e t y  
f o r  Microb io logy  Subcommit tee on L a c t o b a c i l l a c e a e  t h a t  t h e  a n a e r o b i c  
s p e c i e s  o f  Corynebac te r ium be t r a n s f e r r e d  t o  t h e  f ami l y  P r op i o n i b a c -  
t e r i a c e a e  (Hansen,  1966) i n  t h e  genus Pr op ion i  b a c t e r i u m .
Moss e t  a l  (1967) i n v e s t i g a t e d  t h e  c u l t u r a l  c h a r a c t e r i s t i c s  and
c e l l  wal l  c ompos i t i on  o f  27 i s o l a t e s  o f  C_. acnes  and two s p e c i e s  o f
t h e  genus Pro pi  oni  b a c t e r i  urn, P_. shermani  i and P_. f r e u d e n r e i c h i i .
T h e i r  r e s u l t s  d e mo n s t r a t ed  t h a t  a g r e a t  degree  o f  u n i f o r m i t y  e x i s t e d
between a l l  t he  s t r a i n s  t e s t e d .  In r e ga r d  t o  c u l t u r a l  c h a r a c t e r -
5i s t i c s ,  d i f f e r e n t  s t r a i n s  o f  C_. acnes  showed a lmos t  as  much d i v e r s i t y  
among each o t h e r  as t h e y  d id  t o  t h e  c l a s s i c a l  p r o p i o n i b a c t e r i a .
F a t t y  a c i d  c ompos i t i on  d e mons t r a t ed  a g r e a t  de g r e e  o f  s i m i l a r i t y  be­
tween t h e  27 s t r a i n s  o f  £ .  acnes  and t h e  two s p e c i e s  o f  p r o p i o n i b a c ­
t e r i a .  I n t e r e s t i n g  t o  n o t e  i s  t h a t  a l l  c o n t a i n  a C 15 - s a t u r a t e d  
b ra nc hed -c ha in  a c i d  as  t h e  most  abundant  s p e c i e s ,  two t o  t h r e e  t imes  
t h a t  o f  any o t h e r  a c i d .  The abundance o f  t h i s  a c i d  seems t o  enhance 
t he  l i k e l i h o o d  o f  t h e  r e l a t i o n s h i p  o f  _C. acnes  t o  t h e  p r o p i o n i b a c ­
t e r i a .  F u r t h e r  c h a r a c t e r i z a t i o n  o f  t h e  C l 5 branched f a t t y  a c i d  
(Moss and Cher ry ,  1968} r e v e a l e d  C_. acnes  t o  pos ses s  t he  i s o - C l 5 
a c i d ,  b r anch ing  on t h e  p e n u l t i m a t e  carbon atom,  as t h e  major  a c i d  
and t h e  a n t e i s o - C 1 5  a c i d ,  b ra nc h i ng  on t h e  a n t e p e n u l t i m a t e  carbon 
atom,  a t  a r a t i o  o f  7 : 1 ,  wh i l e  P_. f r e u d e n r e i c h i i  and P_. shermani i  
con t a i ned  t he  two C l 5 branched i somers  a t  a r a t i o  o f  1 : 8 .  Thus ,  t he  
c o n t r o v e r s i a l  r e l a t i o n s h i p  between C_. acnes  and t h e  p r o p i o n i b a c t e r i a  
remained.
Some i n v e s t i g a t o r s  c a r r i e d  t h e  t axonomic  p o s i t i o n  o f  t h e  a n a e r ­
obic  c o r y n e b a c t e r i a  t o  t h e  o p p o s i t e  ext reme o f  p r e v i o u s  a u th o r s  
(Douglas and Gun t e r ,  1946; G u t i e r r e z ,  1953; Moore and Cato ,  1963; 
and Moss e t  a l ,  1967) .  Z i e r d t ,  Webs te r ,  and Rude (1968) no t  only  
b e l i e ve d  t h a t  C_. acnes  should  not  be t r a n s f e r r e d  t o  P r op ion i  b a c t e r ­
ium, but  t h a t  t h e  o t h e r  r e c o g n i ze d  a n a e r o b i c  c o r y n e b a c t e r i a  were 
synonyms o f  C_. acnes  and were ,  t h e r e f o r e ,  i n v a l i d  s p e c i e s .  T h e i r  
mot ives  f o r  s u g g e s t i n g  C . acnes  as t he  on l y  l e g i t i m a t e  a n a e r o b i c  
co rynebac t e r i um was based on a r e l a t i v e l y  high s i m i l a r i t y  o f  b i o ­
chemical  r e a c t i o n s  and t h e  a b i l i t y  o f  C_. acnes  phage 174 t o  l y s e  
a l l  but  two o f  t h e  a n a e r o b i c  c o r y n e f o r m s , C_. qranulosum and C_. 
l ymphophi lum. They o b j e c t e d  t o  t r a n s f e r r i n g  C_. acnes  t o  p r o p i o n i -
6b a c t e r i a  on t h r e e  me as ur e s :  i )  morphology,  i i )  s e r o l o g y ,  and i i i )  
t h e  p r o d uc t io n  o f  p r o p i o n a t e .
Z i e r d t  e t  a l  (1968) s t a t e  £ .  acnes  t o  be q u i t e  u n i f o r m l y  b a c i l -  
l a r y ,  s t a i n i n g  u ne ve n l y ,  and o c c u r r i n g  i n  p a i r s  and s i n g u l a r l y ,  
wh i l e  t h e  p r o p i o n i b a c t e r i a  a r e  p l eomorph i c ,  occur  s i n g l y  and s t a i n  
u n i f o r ml y .  Sundman e t  a l  (1959) in  a morpho l og ica l  s t ud y  o f  c e r t ­
a i n  p leomorphic  b a c t e r i a  a r r i v e d  a t  a s i m i l a r  c o n c l u s i o n .  Moore 
and Holdeman (1974,  1977) f e e l  t h e s e  d e s c r i p t i o n s  t o  be r e l a t i v e l y  
i n a c c u r a t e  (which i s  a l s o  t h e  p e r s on a l  e x p e r i e n c e  o f  t h i s  a u t h o r ) .  
The a n a e r o b i c  coryneforms  and p r o p i o n i b a c t e r i a  both d i s p l a y  a g r e a t  
deg r ee  o f  pleomorphism and d i v e r s i t y  in  c e l l u l a r  a r r a n ge m en t s .  
Severa l  f a c t o r s  i n f l u e n c e  t h e  morphology o f  t h e s e  o r gan i s ms :  medium 
c o m p os i t i o n ,  de gr e e  o f  a n a e r o b i o s i s , and age o f  t h e  c u l t u r e .  I f  
t h e s e  a r e  no t  c o n s i s t e n t ,  compar i sons  based on morphology cou ld  be 
d i f f i c u l t .
Z i e r d t  e t  al  (.1968) s t a t e  t h a t  t h e r e  was a low l e v e l  o f  c r o s s ­
a g g l u t i n a t i o n  between t h e  s t r a i n  o f  £ .  acnes  used and some o f  t he  
P r o p i o n i b a c t e r i u r n . The key word i s  "some";  r e c a l l  t h a t  a p r e v i ous  
s e r o l o g i c a l  i n v e s t i g a t i o n  (Moore and Cato ,  1963) d emons t r a t ed  as 
much c r o s s - r e a c t i v i t y  between C_. acnes  and o t h e r  p r o p i o n i b a c t e r i a  
as  t h e  p r o p i o n i b a c t e r i a  d i s p l a y e d  among t h e m se lv e s .  King and Meyer 
(.1957) a l s o  o b t a i n e d  c r o s s - r e a c t i v i t y  between C_. acnes  a n a e r o b i c  
d i p h t h e r o i d s ,  and P_. f r e u d e n r e i c h i i .
The f i n a l  argument  a ppea r s  so i l l o g i c a l  t h a t  t h i s  a u t h o r  has 
d i f f i c u l t y  c r e d i t i n g  i t .  Z i e r d t  e t  al  0  968) c o n s i d e r  t h e  p r o d u c t ­
ion o f  p r o p i o n a t e  by C_. acnes  and t h e  p r o p i o n i b a c t e r i a  t o  be r a t h e r  
c o i n c i d e n t a l  and no t  t a x o n o m i c a l l y  s i g n i f i c a n t .  As e v id e n c e ,  they
7make one c o g n i z a n t  o f  t h e  f a c t  t h a t  o t h e r  b a c t e r i a  a l s o  produce p r o ­
p i o n i c  a c i d  and a r e  no t  c l a s s i f i e d  in  t h e  genus P r op ion i  b a c t e r i  urn, 
such as £ .  d i p h t h e r i a e  (an a e r o b i c  co ry ne fo r m) ,  V e i n o n e l l a  gazogenes  
(a Gram n e g a t i v e  a n a e r o b i c  c o c c u s ) ,  and a Gram p o s i t i v e  coccus .  Many 
b a c t e r i a  produce  s i m i l a r  e n d p r o d u c t s ,  but  a r e  not  in t h e  same genus 
( l a c t i c  a c i d  i s  t h e  ma jo r  e ndproduc t  o f  L a c t o b a c i l l u s  and S t r e p t o ­
coccus  , bu t  t h e y  a r e  g e n e r i c a l l y  d i s t i n c t ,  t he  former  be ing  a b a c i l l ­
us ,  t h e  l a t t e r  a c o c c u s ) .  The argument  i g n o r e s  t he  b a s i c s  o f  t a x o n ­
omy, t h e  d e s c r i p t i o n s  o f  t ax a  based on r e semblances  t o  show i n t e r ­
r e l a t i o n s h i p s  (Buchanan,  1957) .  C_. acnes  and t he  p r o p i o n i b a c t e r i a
s h a r e  numerous c h a r a c t e r i s t i c s  which may j u s t i f y  p l a c i n g  them in  t he  
same genus .
Moore,  Hoi deman, and Cummins (1968) o b j e c t e d  t o  t h e  c o n s e r v a t i v e  
p h i l o s ophy  o f  Z i e r d t .  In t h e i r  i n v e s t i g a t i o n ,  u s ing  a l a r g e  number 
o f  s t r a i n s ,  t h e r e  appea red  t o  be s u f f i c i e n t  ev i dence  c u l t u r a l l y  and 
s e r o l o g i c a l l y  (Moore and Ca t o ,  1963) t o  t r e a t  t h e  a n a e r o b i c  c or yne -  
forms as  i n d i v i d u a l  s p e c i e s  and as members o f  P r o p i o n i b a c t e r i u m . The 
Moore e t  al  (1968) c r i t i c i s m  o f  Z i e r d t  e t  a l  (1968) was based on t he  
l i m i t e d  number o f  s t r a i n s  i n v e s t i g a t e d  by t h e  l a t t e r  and t h a t  s e r o l o g ­
i c a l  d i f f e r e n c e s  and phage s u s c e p t i b i l i t y  do no t  c o n s t i t u t e  c h a r a c t e r ­
i s t i c s  t h a t  a r e  v a l i d  f o r  genus s e p a r a t i o n  o f  c l o s e l y  r e l a t e d  s p e c i e s  
t h a t  have s i m i l a r  c e l l  wall  co mp os i t i o ns  (Moss e t  a l , 1967; Moss and 
Cher ry,  1968) .  However,  in  1969,  Reid and Joya p u b l i s h e d  a paper  
s t a t i n g  C_. acnes  as  t h e  on ly  l e g i t i m a t e  a n a e r o b i c  coryneform based 
on c u l t u r a l  c h a r a c t e r i s t i c s .
Subsequent  i n v e s t i g a t i o n s  demons t r a t ed  t h e  v a l i d i t y  o f  d i v i d i n g  
the  a n a e r o b i c  co ry n e bac te r i u m i n t o  s e v e r a l  s p e c i e s  and t he  r e l a t e d ­
ness  between t he  a n a e r o b i c  coryneforms to  t he  p r o p i o n i b a c t e r i a .
8Moss e t  a l  (1969) i n v e s t i g a t e d  t h e  c u l t u r a l  c h a r a c t e r i s t i c s  and 
f a t t y  a c i d  compos i t i on  o f  40 s t r a i n s  r e p r e s e n t i n g  seven s p e c i e s  
o f  P r o p i on i b a c t e r i u m  and n ine  c u l t u r e s  o f  a n a e r o b i c  c o r y n e b a c t e r i a . 
The c u l t u r e s  o f  t h e  two groups  c o n s i s t e n t l y  d i f f e r e d  in  o n l y  two 
r e a c t i o n s :  t h e  l i q u e f a c t i o n  o f  g e l a t i n  and p r o d u c t i o n  o f  i n d o l e .
The a n a e r o b i c  coryneforms  were p o s i t i v e  f o r  both wh i l e  t h e  p r o p i ­
o n i b a c t e r i a  were n o t .  The c e l l u l a r  f a t t y  a c i d  a n a l y s i s  was con­
s i s t e n t  wi th  p re v i ou s  i n v e s t i g a t i o n s ,  £ .  acnes  c o n t a i n e d  t h e  i s o - C l 5 
branched cha i n  a c i d  as i t s  major  component ,  w h i l e  P_. f r e u d e n r e i c h i i  
and JP. shermani i  c o n t a i n e d  t h e  a n t e i s o - C 1 5  branched a c i d  (Moss e t  
a l , 1967; Moss and Cher ry ,  1968) .  Fi®ve o t h e r  s p e c i e s  o f  Propi  o n i - 
b a c t e r i u m , however ,  d em o n s t r a t ed  f a t t y  a c i d  p r o f i l e s  s i m i l a r  t o  
C_. acnes  wi th  t he  i s o - C l 5 branched a c i d  as t h e  most  a bundan t .  The 
e v i dence  s u g ge s t s  a r e l a t i o n s h i p  between £ .  acnes  and t h e  c l a s s i c a l  
p r o p i o n i b a c t e r i a .
Johnson and Cummins (1972)  compared 80 s t r a i n s  o f  a n a e r o b i c  
coryneforms wi th  29 s t r a i n s  o f  c l a s s i c a l  p r o p i o n i b a c t e r i a  by c e l l  
wall  a n a l y s i s ,  d e o x y r i b i o n u c l e i c  a c i d  (DNA) base  c o mp o s i t i o n ,  and 
n u c l e o t i d e  sequence  s i m i l a r i t i e s .  They s u p po r t  t h e  proposa l  o f  
o t h e r s  (Douglas and Gun t e r ,  1946; G u t i e r r e z ,  1953;  Moore and Cato ,
1963) .  T h e i r  r e s u l t s  showed both t h e  a n a e r o b i c  c o r y n e b a c t e r i a  and 
c l a s s i c a l  p r o p i o n i b a c t e r i a  to  c o n t a i n  t h e  same combina t ions  o f  
g a l a c t o s e ,  g l u c o s e ,  and mannose as c e l l  wal l  sugar s  and most  have 
a l a n i n e  ( a 1 a ) ,  g l u t ami c  a c i d  ( g l u ) ,  g l y c i n e  ( g l y ) ,  and L- 
d i a mi n o- p i m e l i c  a c i d  (L-DAP) as amino a c i d s  o f  p e p t i d o g l y c a n .
Two e xc e p t i o n s  a r e  P_. f r e u d e n r e i c h i i  and JP. s h e r m a n i i ; t he y  have 
g a l a c t o s e ,  mannose,  and rhamnose as c e l l  wal l  sugar s  and a l a ,  g l u ,
9and meso-DAP in  t h e  p e p t i d o g l y c a n .  As p r e v i o u s l y  s t a t e d ,  t h e s e  
two a l s o  c o n t a i n  t h e  a n t e i s o - C 1 5  branched f a t t y  a c i d  as t h e  major  
a c i d ,  wh i l e  t h e  a n a e r o b i c  c o r y n e b a c t e r i a  and o t h e r  c l a s s i c a l  p r o ­
p i o n i b a c t e r i a  c o n t a i n  t h e  i s o - C15 a c i d  (Moss e t  a l , 1969) .  The 
two o r gan i sms ,  P_. f r e u d e n r e i c h i i  and JP. s h e r m a n i i , were a l s o  found 
t o  form a s i n g l e  DNA homology group (Johnson and Cummins, 1972) .
The a u th o r s  s t a t e  t h a t  on t h e  b a s i s  o f  c e l l  morphology t h e  a n a e r o b i c  
c o r y n e b a c t e r i a  can be p l aced  in  t h e  genus Cor.ynebacteriurn o r  Pr o ­
pi oni b a c t e r i  urn. However,  t h e  a bs ence  o f  a r a b i n o s e  and t h e  p r e s ­
ence o f  L-DAP i n  t he  c e l l  w a l l s ,  t h e  a n a e r o b i c  c h a r a c t e r ,  and t h e  
p r od uc t i on  o f  p r o p i o n i c  a c i d  as a major  p roduc t  p o i n t s  toward a r e ­
l a t i o n s h i p  t o  t h e  p r o p i o n i b a c t e r i a  and no t  t h e  human and animal  
c o r y n e b a c t e r i a .  All  t h e  animal  and human s t r a i n s  o f  c o r y n e b a c t e r i a  
c o n t a i n  a r a b i n o s e  and meso-DAP in  t h e i r  c e l l  w a l l s  (Cummins and 
H a r r i s ,  1958) ,  and a l s o  c o n t a i n  t h e  co rynemyco l i c  and corynemycol -  
en i c  a c i d s  (C32 and C36) which a r e  a b s e n t  i n  t he  a n a e r o b i c  c o ry n e ­
b a c t e r i a  (Moss e t  a l , 1967) .
In terms o f  DNA homology,  t h e  a n a e r o b i c  c o r y n e b a c t e r i a  d i s p l a y  
degrees  o f  h y b r i d i z a t i o n  c l o s e  t o  t h e  c l a s s i c a l  p r o p i o n i b a c t e r i a  
(Johnson and Cummins, 1972) .  The a u t h o r s  s u g g e s t  nar rowing  t h e  
number o f  s p e c i e s  t o  f o u r  c o r r e s p o n d i n g  t o  t h e  number o f  homology 
g r o u p s .
The a u t h o r s  begin  t h e i r  d i s c u s s i o n  wi th  a ve r y  p e r t i n e n t  remark 
which bear s  r e p e a t i n g :  t hey  remind one o f  t h e  u b i q u i t o u s  n a t u r e  o f  
t he  a n a e r o b i c  c o r y n e b a c t e r i a ,  e s p e c i a l l y  P_. a c n e s , and how e a s i l y  
they may c o n t am i n a t e  o t h e r  c u l t u r e s .  Contamina t ion  most  l i k e l y  
a r i s e s  from t he  s c a l e s  o f  s k i n  o r  s c a l p  o f  t he  pe r son  making t he
TO
t r a n s f e r s .  I f  one i s  i n v e s t i g a t i n g  a m o r p h o l o g i c a l l y  s i m i l a r  o r ­
ganism,  t h i s  c o n t a m i n a t i o n  may go u nn o t i c e d  u n l e s s  b iochemica l  
t e s t s  a r e  u t i l i z e d .  Thi s  may be t he  r ea son  Z i e r d t  e t  a l  (1968) and 
Reid and Joya (1969) f e l t  t h a t  a l l  t h e  a n a e r o b i c  c o r y n e b a c t e r i a  
were synonyms o f  £ .  a c n e s ; t h e y  i n v e s t i g a t e d  a r e l a t i v e l y  l i m i t e d  
number o f  s t r a i n s ,  u n l i k e  Johnson and Cummins (1972) .
In 1973,  in  t h e  I n t e r n a t i o n a l  J ou r n a l  o f  S y s t e m a t i c  B a c t e r i o l o g y , 
t he  I n t e r n a t i o n a l  Commit tee on S y s t e m a t i c  B a c t e r i o l o g y  (ICSB),  o f f i c ­
i a l l y  t r a n s f e r r e d  t h e  a n a e r o b i c  and a e r o t o l e r a n t  s p e c i e s  o f  Coryne- 
b a c t e r i  urn t o  t h e  genus Propi  oni  b a c t e r i  urn. The t r a n s f e r  was based 
on t h e i r  s i m i l a r i t y  in  m e t a b o l i c  a c t i v i t y ,  c e l l  wal l  c o m p o s i t i o n ,  
and quanine  p lus  c y s t o s i n e  c o n t e n t s  in t h e i r  DNA (Moore and Holdeman,
1973) .
The 8 th  e d i t i o n  o f  B e r g ey ' s  Manual r e c o g n i z e s  e i g h t  s p e c i e s  
and f ou r  s u b s p e c i e s  i n  t h e  genus P r o p io n i ba c t e r i u r n  (Moore and 
Holdeman, 1974) .  Because o f  t h e  a d d i t i o n  o f  t h e  a n a e r o b i c  c or yne ­
b a c t e r i a  t o  t h e  genus ,  a few minor  changes  had t o  be made t o  t h e  
genera l  genus d e s c r i p t i o n :  i )  optimum t e m p e r a t u r e  was changed from 
30°C t o  between 30 and 37°C; i i )  h a b i t a t  was changed from d a i r y  
p roduc t s  t o  d a i r y  p r o d u c t s  and s k i n  o f  man and i n t e s t i n a l  t r a c t  o f  
man and a n i m a l s ;  and i i i )  some may be p a t h o ge n i c .
Phys i o l ogy
N u t r i t i o n
The p r o p i o n i c  a c i d  b a c t e r i a  a r e  g e n e r a l l y  c o n s i d e r e d  t o  be 
f a s t i d i o u s ,  bu t  in r e a l i t y  t h e i r  n u t r i t i o n a l  r e q u i r e m e n t s  a r e  s imp l e .  
I t  has been shown t h a t  amino a c i d s  a r e  not  e s s e n t i a l  f o r  growth ,
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but  t h e y  a r e  s t i m u l a t o r y .  Wood, Tatum, and P e t e r s o n  ( 1937) ,  and 
Wood, Anderson,  and Werkman (1938) were a b l e  t o  o b t a i n  growth in 
a medium c o n t a i n i n g  ammonium s u l f a t e ,  g l u c o s e ,  sodium a c e t a t e ,  and 
an e t h e r  e x t r a c t  o f  y e a s t  e x t r a c t .  They found t h e  e t h e r  e x t r a c t  
o f  y e a s t  e x t r a c t  t o  be e s s e n t i a l  f o r  growth when ammonium s u l f a t e  
was used as  a n i t r o g e n  s o u r c e ,  bu t  n o t  when hydro lyzed  c a s e i n  was 
used .  Shaposhnikov and Vorob ' eva  (1936) were a b l e  t o  o b t a i n  growth 
o f  P_. j e n s e n i i  and _P. f r e u d e n r e i c h i i , bu t  no t  P_. s her man i i  on a 
s y n t h e t i c  medium c o n t a i n i n g  g l u c o s e ,  l a c t a t e  (ca rbon s o u r c e ) ,  b i o ­
t i n ,  t h i a m i n e ,  c a l c i um p a n t o t h e n a t e ,  ammonium s u l f a t e ,  and a v a r i e t y  
o f  t r a c e  m e t a l s .  Cel l  y i e l d s  in  t h e  s y n t h e t i c  medium were d e c r e a s e d  
from t h o s e  found i n  c o r n - e x t r a c t  g lu c os e  medium, bu t  v i t a mi n  
p roduc t i on  pe r  gram o f  c e l l s  was i n c r e a s e d .  Baranova and Gogotov 
(1974) have shown P_. j e n s e n i i  and £_. f r e u d e n r e i c h i i  s s .  sher mani i  
a r e  c ap a b l e  o f  f i x i n g  n i t r o g e n  when grown i n  a n i t r o g e n - f r e e  medium 
in t h e  p r e s en ce  o f  p y r u v a t e  o r  r educed  NAD(P)’ H.
Thompson (1943) and Delwiche (1949) d e t e r mi ned  t h e  v i t a m i n  r e ­
qu i rement s  o f  t h e  p r o p i o n i b a c t e r i u m  t o  be r e l a t i v e l y  s i mp l e .
Thompson (1943) found f i v e  o f  n ine  p r o p i o n i c  a c i d  b a c t e r i a  c a p a b l e  
o f  growth on a s e m i - s y n t h e t i c  medium; a l l  f i v e  r e q u i r e d  p a n t o t h e n i c  
a c i d  and f o u r  r e q u i r e d  b i o t i n .  The a u t h o r  b e l i e v e s  t h e  e t h e r  e x t r a c t  
o f  y e a s t  e x t r a c t  r e q u i r e d  f o r  t h e  growth o f  p r o p i o n i b a c t e r i a  i n  t h e  
work o f  Wood, Tatum, and P e t e r s o n  (1937) was due t o  t h e  c o n t e n t  o f  
p a n t o t h e n i c  a c i d  and b i o t i n .  Delwiche i n v e s t i g a t e d  25 s t r a i n s  o f  
p r o p i o n i c  a c i d  b a c t e r i a ,  r e p r e s e n t i n g  n ine  s p e c i e s .  He found t h e  
most  demanding c u l t u r e ,  £ .  j e n s e n i i , r e q u i r e d  on ly  p a n t o t h e n i c  a c i d ,  
b i o t i n ,  and e i t h e r  p a r a - aminobenzoic  a c i d  o r  t h i a m i n e .  The m a j o r i t y
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r e q u i r e d  on l y  p a n t o t h e n i c  a c i d  and b i o t i n .
Fermenta t ion
The p r o p i o n i b a c t e r i a  a r e  chemo o r gan o t r op h s , m e t a b o l i z i n g  c a r ­
b o h yd r a t e s ,  p e p to n e ,  p y r u v a t e ,  o r  l a c t a t e  (Moore and Holdeman,
1974) .  The mechanisms f o r  p r o p i o n i c  a c i d  f o r ma t i on  from g l u c o se  o r  
l a c t a t e  has been e x t e n s i v e l y  i n v e s t i g a t e d .  The mechanism i s  complex 
and r e l a t i v e l y  unique  i n  t h a t  t h r e e  moles o f  g l u c os e  y i e l d s  p r o p i o n ­
a t e ,  a c e t a t e ,  CO^. and w a t e r  w i t h  t h e  molar  r a t i o  4 : 2 : 2 : 2 ,  r e s p e c t ­
i v e l y  ( A l l e n ,  Ke l l e r meye r ,  S t j e r n h o l m ,  and Wood, 1964) ,  a h i g h e r  
r a t i o  than p r e v i o u s l y  known. Another  c o m p l i c a t i n g  f e a t u r e  o f  t he  
pathway was t h e  d e t e c t i o n  o f  s u c c i n i c  a c i d  as  an i n t e r m e d i a t e  (Woods 
and Werkman, 1936) .  Delwiche (1948;  1950) and Johns (1951c)  demon­
s t r a t e d  t h a t  P_. a c i d i - p r o p i o n i c  (_P. pentosaceum van N i e l )  p o s s e s s e s  
a s u c c i n i c  d e c a r b o x y l a s e  system t h a t  y i e l d s  p r o p i o n i c  a c i d  from 
s u c c i n i c  a c i d  and t h e  enzyme system r e q u i r e s  b i o t i n .  In t h e  p ro ­
p i o n i b a c t e r i a ,  s u c c i n i c  a c i d  i s  produced t h rough  a r e v e r s a l  o f  p a r t  
o f  t he  T r i c a r b o x y l i c  Acid (TCA) c y c l e  (Krebs and E g g l e s t on ,  1941) .
The p r o p i o n i b a c t e r i a  produce p y r uv a t e  v i a  t h e  Embden-Meyerhof- 
Parnas (EMP) pathway (Wood, S t j e r n h o l m ,  and Leaver ,  1955) .  Once 
pyruva t e  i s  formed,  t h e  pathway branches  in two d i r e c t i o n s ,  one 
branch y i e l d s  a c e t a t e  and 002* t h e  o t h e r  p r o p i o n a t e  (Al l en  e t  a l ,
1964) .  The branch y i e l d i n g  p r o p i o n a t e  i s  a double  c y c l i n g  pathway 
beginning wi th  t he  f o r ma t i o n  o f  propionyl-C'oA and o x a l o a c e t a t e  from 
pyruva te  and methylmalonyl -CoA.  S u c c i n a t e  i s  formed from o x a l o ­
a c e t a t e  s i m i l a r  t o  a r e v e r s a l  o f  t he  TCA c y c l e .  S u c c i n a t e  r e a c t s  
wi th  propionyl -CoA t o  y i e l d  p r o p i o n a t e  and s ucc iny l -CoA,  t h e
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succinyl -CoA i s  c o n v e r t e d  back to  methylmalonyl -CoA,  which i s  now 
a v a i l a b l e  t o  r e a c t  w i t h  p y r uv a t e  and r e e n t e r  t h e  c y c l e .
The f o r ma t i on  o f  p r o p i o n a t e  by t h e  p r o p i o n i c  ac i d  b a c t e r i a  i s  
c o ns id e re d  a r andomiz ing  pathway.  Due t o  t h e  t r i o s e  s p l i t  i n  t he  
EMP pathway,  and t h e  double  c y c l i n g  f o r ma t i on  o f  p r o p i o n a t e ,  t h e r e  
i s  a random d i s t r i b u t i o n  o f  g l u c os e  o r  l a c t a t e  ca rbons  found in  t h e  
end p r oduc t s  (Wood, S t j e r n h o l m ,  and Leaver ,  1955; Leaver ,  Wood, and 
S t j e r n h o l m ,  1955; and Baldwin,  Wood, and Emery,  1962) .  The same 
pathway,  o r  one ve r y  s i m i l a r  was found i n  a Gram n e g a t i v e  coccus  
i s o l a t e d  from t h e  rumen o f  s hee p ,  V e i n o n e l l a  p a r vu l a  (V. g a z o g e n e s ) 
( Johns ,  1951a;  1951b) .  However,  t h i s  organi sm canno t  f e rment  c a r ­
b o h y d r a t e s ,  on ly  l a c t a t e .
A second pathway f o r  p r o p i o n a t e  p r o d u c t i o n  was found t o  e x i s t
in C l os t r i d i u m  propionicum and P e p t o s t r e p t o c o c c u s  e l s d e n i i , i t  i s  a
14non-ramdom pathway.  Using C l a b e l l e d  l a c t a t e  as  a s u b s t r a t e ,
Leaver e t  a l  (1955) and Baldwin e t  al  (1962) demons t ra t ed  t h e  d i s t r i
bu t i on  o f  carbons  in  t h e  end p r oduc t s  t o  be d i s t r i b u t e d  in a non-
14random manner ,  l a c t a t e - 3 - C  y i e l d s  p r o p i o n a t e - 3 - C  and a c e t a t e  
l a b e l l e d  o n l y  on t he  methyl  c a r bon .
The p r o p i o n i c  a c i d  b a c t e r i a l  pathway has a high y i e l d  o f  ATP, 
ap pr ox ima te ly  s i x  moles per  1 . 5  moles o f  g l ucose  (Bauchop and Elsden 
1960) .  Three moles o f  ATP a r e  formed d u r i n g  t h e  c on v e r s io n  o f  phos-  
phoeno l pyruva t e  t o  p y r u v a t e ,  one mole i s  formed i n  t h e  p r o d u c t i o n  o f  
a c e t a t e ,  and an a d d i t i o n a l  two moles a r e  formed in  t h e  comple te  r e ­
d u c t i o n  o f  fumara t e  t o  s u c c i n a t e .  A cy to ch ro me- l i n ke d  e l e c t r o n  
t r a n s p o r t  p h os p h o r y l a t i o n  occur s  d u r i n g  t h i s  s t e p  t h rough  t he  r e ­
du c t i on  o f  a f l a v o p r o t e i n  by NADH + H+ (DeVr ies ,  van Wyck-Kapteyn,
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and S t o u t h a m e r , 1973) .  The f r e e  energy  change i n  t h i s  e l e c t r o n  
t r a n s p o r t  i s  l a r g e  enough to  y i e l d  two moles o f  ATP.
Ment ioned p r e v i o u s l y  i s  t he  f a c t  t h a t  t he  p r o p i o n i b a c t e r i a  can 
produce p r o p i o n a t e  from l a c t a t e .  Bauchop and Elsden (1960) d e t e r ­
mined t he  y i e l d  c o e f f i c i e n t s  f o r  P_. a c i d i - p r o p i o n i c  grown on l a c ­
t a t e  and concluded  t he  f o r ma t i on  o f  one mole o f  ATP per  mole o f  
l a c t a t e .  DeVries e t  a l  (1973) found t h e  a c t u a l  v a l u e  t o  be somewhat 
lower ,  two moles o f  ATP per  t h r e e  moles o f  l a c t a t e ,  t he  r e aso n  being 
an energy  consuming s t e p  in t h e  r e d u c t i o n  o f  o x a l o a c e t a t e  t o  fuma- 
r a t e .  When t h e  p r o p i o n i c  a c i d  b a c t e r i a  a r e  grown on l a c t a t e ,  t he  
l a c t a t e  i s  o x i d i z e d  d i r e c t l y  t o  p yr uva t e  a t  t h e  expense  o f  a f l a v o -  
p r o t e i n .  This  f l a v o p r o t e i n  canno t  e f f e c t i v e l y  r educe  o x a l o a c e t a t e  
to  m a l a t e .  T h e r e f o r e ,  a r e v e r s e d  e l e c t r o n  t r a n s p o r t  occu r s  i n  which 
t he  f l a v o p r o t e i n  i s  o x i d i z e d  wi th  t h e  subsequen t  r e d u c t i o n  o f  NAD. 
The reduced  NAD w i l l  be used t o  r educe  o x a l o a c e t a t e  to  m a l a t e .  The 
r e v e r se d  e l e c t r o n  t r a n s p o r t  r e q u i r e s  t h e  i n p u t  o f  ene r gy ,  t h e r e f o r e ,  
t he  l o s s  o f  an ATP. The r e v e r s e d  e l e c t r o n  t r a n s p o r t  i s  no t  r e q u i r e d  
when t h e  p r o p i o n i c  a c i d  b a c t e r i a  a r e  grown on g l u c o s e ,  due to  t he  
l a r g e  amount o f  r e d u c i n g  power produced t h rough  t h e  EMP pathway.
Lee,  F r e d r i c k s o n ,  and Tsuchiya  (1974) found t h e  s p e c i f i c  growth 
r a t e s  to  be equal  when P_. f r e u d e n r e i c h i i  s s .  sher mani i  i s  grown on 
g l ucose  or  l a c t a t e .  The molar  y i e l d s ,  however ,  a r e  h i g he r  wi th  g l u ­
cose than  l a c t a t e  by a f a c t o r  o f  e i g h t .  Of i n t e r e s t ,  i s  t h e  o b s e r ­
v a t i o n  t h a t  _P. f r e u d e n r e i c h i i  s s .  shermani i  d i s p l a y s  d i a u x i c  growth 
when c u l t u r e d  in a m i x t u r e  o f  g lu c os e  and l a c t a t e ,  t he  l a t t e r  be ing 
the  p r e f e r r e d  s u b s t r a t e .  No l ag  phase i s  a p p a r e n t  as t h e  organism 
swi t ches  from l a c t a t e  t o  g l uc ose  i n d i c a t i n g  t he  p o s s i b l e  c o n t r o l
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mechanism t o  be a t ype  o f  f eedback  i n h i b i t i o n  caused by l a c t a t e  o r  
an i n t e r m e t a b o l i t e  upon some enzymes o f  t h e  EMP pathway.
The p r e f e r e n c e  f o r  l a c t a t e  as a s u b s t r a t e  may r e p r e s e n t  an im­
p o r t a n t  f e a t u r e  in t h e  s u r v i v a l  o f  t h e  p op i on i c  a c i d  b a c t e r i a .  The 
p r o p i o n i b a c t e r i a  u s u a l l y  c o e x i s t  in n a t u r e  wi t h  many o t h e r  b a c t e r i a ,  
e s p e c i a l l y  t h e  l a c t a t e  a c i d  b a c t e r i a .  Due t o  t h e i r  slow growth r a t e ,  
they  canno t  e f f e c t i v e l y  compete f o r  a common s u b s t r a t e ;  t h e r e f o r e ,  
by u t i l i z i n g  what  i s  c o n s i d e r e d  a common e n d - p r o d u c t  o f  many h e t e r o -  
t r o p h s ,  l a c t a t e ,  t h e  p r o p i o n i c  a c i d  b a c t e r i a  can e s t a b l i s h  a n i che  
(Lee e t  a l , 1974) .
Vitamin B-^ P r oduc t i on
Aside from t h e  p r o d uc t io n  o f  p r o p i o n a t e ,  t h e  p r o p i o n i b a c t e r i a  
a r e  used commerc i a l l y  f o r  t he  p r o d u c t i o n  o f  cobalamin  (Vi tamin B ^ ) .  
Rickes e t  al  (1948)  were t he  f i r s t  t o  d e m o ns t r a t e  t h e  p r o d u c t i o n  o f  
cobalamins  by a mi c r oo r gan i sm,  S t r ep t omyces  g r i s e u s . S ince  t h e n ,  a 
number o f  m i c r o b i a l  genera  were shown t o  produce  t h i s  v i t a m i n .
Perlman and B a r r e t t  (1958;  1959) demons t r a t ed  t he  a b i l i t y  o f  growing 
and r e s t i n g  c e l l s  o f  s e v e r a l  members o f  t h e  genera  P r o p i o n i b a c t e r i u m  
and St reptomyces  to  produce  v i t a mi n  and p s eudov i t amin  B-^.  They 
showed t h a t  P_. a c i d i - p r o p i o n i c  (P_. a r a b i n os um , H i t c h e r  ATCC4965 and 
P_. pentosaceum van Niel  4 ATCC4875) can s y n t h e s i z e  a na l og s  o f  v i t ami n  
by t he  a d d i t i o n  o f  c e r t a i n  benz i mi dazo l e s  o r  r e l a t e d  compounds 
to  t he  c u l t u r e s .  Shaposhnikova and Vorob ' eva  (1963) found £ .  j e n s e n i i  
to produce more v i t a mi n  B ^  in a s y n t h e t i c  medium t h a t  a p r e v i o u s l y  
used i n d u s t r i a l  s t r a i n ,  P_. sh e r man i i , c u l t u r e d  in  a c o r n - g l u c o s e  
medium.
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Vitamin ( 5 , 6 - d i m e t h y l b e n z i m i d a z o l e - h y d r o x o c o b a l a m i n )  and 
i t s  v a r i a n t s  a r e  r e q u i r e d  by mic roorgan i sms  and a n i m a l s .  They 
f u n c t i o n  as  coenzymes in numerous types  o f  r e a c t i o n s  ( Leh n i ng e r ,
1975; D oe l l e ,  1975;  and S t a n i e r ,  Ade l be r g ,  and Ingraham,  1976) .
They a r e  c o f a c t o r s  in methyl  group t r a n s f e r  s y s t e ms ,  such as  t h e  
c onve r s i on  o f  homocys t e ine  t o  m e t h i o n i n e .  In some b a c t e r i a ,  v i t a mi n  
i s  a c o f a c t o r  in t h e  r e d u c t i o n  o f  r i b o n c l e o s i d e  5 1- t r i p h o s p h a t e  
to 2 - d e o x y r i b o n u c l e o s i d e  t r i p h o s p h a t e .  In C l o s t r i d i u m  c oc h i e a r i u r n , 
pseudovi t amin  B ^  a c t s  as  a c o f a c t o r  in  t h e  c o n v e r s io n  o f  g l u t a mi c  
a c i d  t o  B - m e t h y l a s p a r t i c  a c i d .  Of g r e a t  impor t ance  t o  man i s  t he  
f u n c t i o n i n g  o f  v i t a m i n  B ^  as  a c o f a c t o r  wi t h  t h e  enzyme methyl  - 
malonyl-CoA mutase .  Thi s  enzyme i s  one o f  s e v e r a l  i n v o l v e d  in  t h e  
o x i d a t i v e  d e g r a d a t i o n  o f  odd-ca rbon  f a t t y  a c i d s  and o f  t h e  amino 
a c i d s  v a l i n e  and i s o l e u c i n e ;  i t  c o n v e r t s  L^-methylmalonyl -CoA to  
succ inyl -CoA.  Methylmalonyl -CoA mutase  i s  a l s o  an i m p o r t a n t  enzyme 
in t he  p r o d u c t i o n  o f  p r o p i o n a t e  by t h e  p r o p i o n i b a c t e r i a  e x e c u t i n g  in  
r e v e r s e  t h e  above r e a c t i o n ,  succ inyl -CoA to  LR-methylmalonyl -CoA,  
hence t h e  a b i l i t y  o f  p r o p i o n i b a c t e r i a  t o  produce  t h e  n e c e s s a r y  co­
f a c t o r ,  v i t a mi n  B ^ -
Ecology
Da i ry
Ment ioned p r e v i o u s l y ,  t h e  p r o p i o n i b a c t e r i a  a r e  f r e q u e n t l y  a s s o c ­
i a t e d  wi th  cheese  and o t h e r  d a i r y  p ro d uc t s  (von F r eu d en r e i ch  and 
O r l a - J e n s e n ,  1906; Sherman,  1921,  and van N i e l ,  1928) .  Unt i l  t he  
ICSB d e c i s i o n  t o  o f f i c i a l l y  t r a n s f e r  t h e  a n a e r o b i c  coryneforms  to  
t he  genus P r o p i o n i b a c t e r i u r n , d a i r y  p r od u c t s  were c o n s i d e r e d  t h e  on ly
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known source  o f  t h e s e  organi sms  (Moore and Holdeman,  1973) .  Subse­
quent  to  t h e  r e d e f i n i n g  o f  t h e  genus t o  i n c l u d e  t h e  a n a e r o b i c  
coryne fo rms ,  i n v e s t i g a t o r s  have r e a l i z e d  t h a t  t he  p r o p i o n i b a c t e r i a  
can be i s o l a t e d  from a v a r i e t y  o f  s o u r c e s .
Human and C l i n i c a l
P_. acnes  has l ong  been r e c o g n i ze d  f o r  i t s  p r e s en c e  i n  t h e  acne  
comedone. Sabouraud f i r s t  i s o l a t e d  t h e  organism in  1897 from an 
acne p u s t u l e  (Douglas and Gunt e r ,  1946) .  Mar p l e s ,  McGinley,  and 
Mi l l s  (1973) found t h e  m i c r o b i a l  f l o r a  o f  t h e  acne  comedone r a t h e r  
s t a b l e ,  c o n s i s t i n g  o f  P_. a c n e s , c o a g u l a s e - n e g a t i v e  cocc i  (mos t ly  
Staphylococcus  and some Mi c r ococ cus ) , and a y e a s t ,  Pi ty rosporur n , 
a l l  members o f  t h e  s k i n  normal f l o r a .  The number o f  P_. acnes  in  
d i f f e r e n t  t ypes  o f  comedones i s  c o n s t a n t ,  having a geomet r i c  mean
4
o f  8 . 2  x 10 organi sms  p e r  l e s i o n .  The numbers o f  cocc i  and y e a s t  
change wi t h  t he  t ype  o f  l e s i o n s :  c l o s e d  comedones,  w h i t e h e a d s ,  had 
lower cocc i  numbers and h i g h e r  y e a s t  numbers than  t h e  open comedone 
( b l a c k h e a d s ).
i
Douglas and Gunte r  (1946) found P_. acnes  t o  be a s i g n i f i c a n t  
member o f  normal s k i n  m i c r o b i a l  f l o r a .  I n v e s t i g a t o r s  have demon­
s t r a t e d  t he  p r e s ence  o f  P_. a c n e s , P_. q r anu l os um, and P_. avidum on 
the  sk in  o f  h e a l t h y  i n d i v i d u a l s  and t h e i r  numbers t o  be s i g n i f i c a n t l y  
g r e a t e r  than a e r o b i c  organi sms  (Watson e t  a l , 1962;  Evans and 
S t ev e ns ,  1976; Marples  and McGinley,  1974) .  The d e n s i t y  o f  P_. acnes  
on t h e  s k i n  v a r i e s  wi th  s u r f a c e  i n v e s t i g a t e d ;  g e n e r a l l y ,  g r e a t e r  
d e n s i t i e s  a r e  found in a r e a s  where sebaceous  f o l l i c l e s  a r e  most 
numerous: nasa l  a r e a  (Watson e t  al  , 1962) ,  f o r ehead  (Evans ,  1975) ,
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c h e s t  and back (Evans and S t e v e n s ,  1976) .  D e n s i t i e s  in  t h e s e  a r e a s
4 7range from 6 . 3  x 10 to  1 .0  x 10 organi sms  pe r  s qu a r e  c e n t i m e t e r .  
Areas o f  t h e  body t h a t  have l i t t l e  or  no sebaceous  g lands  d i s p l a y  
a r e l a t i v e l y  low p o p u l a t i o n  o f  £_. acnes  (Evans and S t e v e n s ,  1976) .
P r o p i o n i b a c t e r i a  have been shown t o  be r e s i d e n t s  o f  t h e  o r a l  
f l o r a  (Hardie  and Bowden, 1974;  Crawford e t  a l , 1974) .
One o f  t h e  l a r g e s t  r e s e r v o i r s  o f  p r o p i o n i b a c t e r i a  in  humans i s  
the  g a s t r o i n t e s t i n a l  t r a c t  (Rosebury,  1962;  Werner ,  1966) .  Moore 
and Holeman (1974)  found d e n s i t i e s  o f  £ .  acnes  o f  a p p r o x i m a t e l y
g
1.0 x 10 organi sms  pe r  gram o f  d ry  f e c a l  m a t t e r  i n  t h e i r  i n v e s t i g a t ­
ions o f  J a p a n e s e - H a w a i i a n s .
Al though a member o f  t h e  normal m i c r o b i a l  f l o r a  o f  humans,  t h e  
p r o p i o n i b a c t e r i a  have been i m p l i c a t e d  in many t y p e s  o f  i n f e c t i o n s .
The p r o p i o n i b a c t e r i a  have been i m p l i c a t e d  in b a c t e r emi a s  (Johnson 
and Kaye, 1970; Crawford e t  a l , 1974) ,  a b s c e s s e s ,  wounds (McMinn and 
Crawford,  1970;  E l l n e r ,  Gr ana t o ,  and May, 1973;  H e l s t a d ,  Kimbal l ,  
and Maki,  1977) ,  and e n d o c a r d i t i s  ( F e l n e r ,  1975) .  P r o p i o n i b a c t e r i a  
have been i s o l a t e d  from u r i n a r y  t r a c t  i n f e c t i o n s ,  s e p t i c  a b o r t i o n s ,  
and i n f e c t i o n s  o f  t h e  f emale  g e n i t a l  t r a c t  (Balows e t  a l , T975) .
P.. acnes  has a l s o  been i m p l i c a t e d  in  t he  e t i o l o g y  o f  d a n d r u f f  
( P r i e s t l y  and Sav i n ,  1976) .
I n f e c t i o n s  i n v o l v i n g  t h e  p r o p i o n i b a c t e r i a  a r e  u s u a l l y  p o l y ­
mi c r o b i c ,  mixed wi th  o t h e r  a n a e r o b i c  o r  f a c u l t a t i v e  b a c t e r i a ,  or  
a r i s e  from a p r e v i ous  d e b i l i t a t i n g  c o n d i t i o n .  Because o f  t h e  
u b i q u i t y  o f  t he  p r o p i o n i b a c t e r i a ,  t h e i r  i s o l a t i o n  from an i n f e c t i o n  
must be viewed wi th  c a u t i o n .  The p r e s e nc e  o f  p r o p i o n i b a c t e r i a  
from a c l i n i c a l  specimen may be t he  r e s u l t  o f  c on t am i n a t i o n  through
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improper  c o l l e c t i o n  or  han d l i n g  o f  t h e  spec imen.  T h e r e f o r e ,  t h e i r  
r o l e  as a pathogen may be d i f f i c u l t  t o  a s s e s s  (Goodman, 1975) .
Others
The eco logy  o f  t h e  rumen and f a c t o r s  t h a t  i n f l u e n c e  i t  have 
been e x t e n s i v e l y  i n v e s t i g a t e d  (Hungate ,  1950;  G u t i e r r e z ,  1953; 
Bryant ,  1959; Warner ,  1962;  Mann, 1970; Latham, S t o r r y ,  and Sha r pe ,  
1972; Mackie and G i l c h r i s t ,  1979) .  G u t i e r r e z  (1953) i s o l a t e d  p ro ­
p i o n i b a c t e r i a  from t h e  rumen c o n t e n t s  o f  c a t t l e  wi th  an a v er ag e
g
number o f  1 . 3  x 10 organi sms  per  ml o f  rumen f l u i d .  Bryant  (1959) 
f a i l e d  t o  o b t a i n  p r o p i o n i b a c t e r i a  f e r me n t i n g  l a c t a t e  from t he  rumen 
o f  c a l v e s  o r  mature  c a t t l e ,  whereas  Maki and P i c a r d  (1965) i s o l a t e d  
b a c t e r i a  t h a t  f i t  t h e  d e s c r i p t i o n  o f  p r o p i o n i b a c t e r i a  from t he  
rumen o f  c a t t l e - f e d  h igh - r oughage  d i e t s .  Baldwin,  'Wood, and Emery 
(1963) demons t r a t ed  t h e  e f f e c t s  o f  d i e t  on t he  rumen f e r m e n t a t i o n ,  
showing t h a t  an i n c r e a s e  in d i e t a r y  c a r b o h y d r a t e  caused  a change 
from t h e  randomiz ing  p r o p i o n a t e  ( p r o p i o n i b a c t e r i a )  pathway to  t he  
nonrandomizing p r o p i o n a t e  ( p e p t o s t r e p t o c o c c u s ) pathway.  Normal ly ,  
t h e  randomiz ing pathway accoun t ed  f o r  70-1 00% o f  t h e  p r o p i o n a t e  
formed,  wh i l e  t he  nonrandomiz ing pathway accoun t ed  f o r  0-30%. In 
l i g h t  o f  t he  f a c t  t h a t  t h e  organi sms  r e s p o n s i b l e  f o r  t h e  nonrandom­
i z i n g  pathway do no t  f e r men t  c a r b o h y d r a t e s ,  t h e s e  r e s u l t s  seem 
conver se  t o  t h e  exp ec t e d .  Mackie and Heath (1979) ,  and Mackie and 
G i l c h r i s t  (1979) have shown t h a t  an i n c r e a s e  in  d i e t a r y  c a r b o h y d r a t e  
b r ings  abou t  an o r d e r l y  s h i f t  in t h e  b a c t e r i a l  p o p u l a t i o n .  The 
o rd e r  o f  s u cc e s s i o n  begins  wi th  an i n c r e a s e  in a m y l o l y t i c  b a c t e r i a  
caus ing  an i n c r e a s e  in l a c t a t e - u t i l i z i n g  b a c t e r i a ,  f i r s t  t he  a c i d -  
s e n s i t i v e  V e i l l o n e l l a  and Selenomonas f o l l owed  by t h e  more
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a c i d - i n s e n s i t i v e  An ae r ov i b r i o  and P r o p i o n i b a c t e r i u m . The s h i f t  t a k e s  
ap pr ox ima te ly  f i v e  days and remains  s t a b l e  as  long as  t h e  d i e t  i s  
ma i n t a in ed .  The i n v e s t i g a t i o n  o f  Baldwin e t  al  (1963) was performed 
over  a pe r i od  o f  45 min.  So i t  seems t he  i n c r e a s e  in t h e  randomiz ing  
pathway i s  no t  due t o  t h e  i n c r e a s e d  c a r b o h y d r a t e  d i r e c t l y ,  bu t  r a t h e r  
t he  i n c r e a s e  in l a c t a t e .  Mackie and G i l c h r i s t  (1979) b e l i e v e  t h i s  
s uc c e s s i on  o f  l a c t a t e - u t i l i z i n g  b a c t e r i a  t o  be i m p o r t a n t  in c o n t r o l l ­
ing t he  rumen f e r m e n t a t i o n .
P r o p i o n i b a c t e r i a  have a l s o  been found t o  e x i s t  i n  t h e  g a s t r o i n ­
t e s t i n a l  t r a c t  o f  o t h e r  a n i ma l s .  Barnes and Impey (1972) i s o l a t e d  
_P. acnes  from t he  ch ick e n  cecum. S a l a n i t r o ,  F a i r c h i l d ,  and Zgor n i ck i  
(1974) found members o f  t h e  genus Prop ion i  bac t e r i um t o  compr i se  one 
o f  t he  l a r g e s t  groups o f  anae robe s  i s o l a t e d  from t h e  ch i ck e n  cecum. 
Ohwaki e t  al  (1974) i s o l a t e d  p r o p i o n i b a c t e r i a  from t h e  s tomach con­
t e n t s  o f  t h e  f r u i t - e a t i n g  Colobus monkey, wh i l e  B r in k l ey  and Mott  
(1978) found p r o p i o n i b a c t e r i a  to be a r e s i d e n t  o f  t he  a n a e r o b i c  
f eca l  m i c r o f l o r a  o f  baboons .  H a r r i s ,  Reddy,  and C a r t e r  (1976) i s o ­
l a t e d  p r o p i o n i b a c t e r i a  from t h e  l a r g e  i n t e s t i n e  o f  mice a t  l e v e l s
g
of  10 per  m l .
As in  t h e  c a s e  o f  humans,  p r o p i o n i b a c t e r i a  can s e r v e  as p a t h o ­
gens in o t h e r  a n i m a l s .  O r c h i t i s  in b u l l s  i s  caused  by IP. acnes  
a lone .  In h o r s e s ,  po l l  e v i l  and f i s t u l o u s  w i t h e r s  i s  caused by P_. 
a c n e s , a long wi th  B r u c e l l a  (Smith and Holdeman,  1963) .
Aside from d a i r y  and animal  s t u d i e s ,  l i t t l e  i s  known o f  t he  
d i s t r i b u t i o n  o f  p r o p i o n i b a c t e r i a  in t he  n a t u r a l  env i ronment .
G u t i e r r e z  (1953) ,  in an a t t e m p t  t o  de t e r mine  whe ther  t he  e x i s t e n c e  
of  p r o p i o n i b a c t e r i a  in t he  rumen of  c a t t l e  was as  an a c t i v e  member 
in rumen f e r m e n t a t i o n  o r  a t r a n s i e n t ,  examined v a r i o u s  t y p e s  o f  hay
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used as f eed  f o r  p r o p i o n i b a c t e r i a . His r e s u l t s  i n d i c a t e d  q u a n t i -
7 8t i e s  o f  p r o p i o n i b a c t e r i a  in t he  range  o f  1 .0  x 10 t o  6 . 0  x 10 
organisms  per  g o f  hay.
Since  G u t i e r r e z ' s  work,  l i t t l e  has been performed to  d e t e r ­
mine t h e  e x i s t e n c e  o f  p r o p i o n i b a c t e r i a  in  t h e  e nv i r onmen t .  This  
i n v e s t i g a t i o n  w i l l  concern  i t s e l f  p r i m a r i l y  wi t h  t h e  d i s t r i b u t i o n  
o f  p r o p i o n i b a c t e r i a  in  t h e  e s t u a r i n e  env i ronment  and f a c t o r s  t h a t  
may i n f l u e n c e  t h e i r  s u r v i v a l .
Severa l  f a c t o r s  s u g g e s t  t h e  p r o p i o n i b a c t e r i a  t o  have t he  
a b i l i t y  t o  s u r v i v e  and be an a c t i v e  member in  t h e  h e t e r o t r o p h i c  
t u r n o v e r  o f  t h e  e s t u a r i n e  s e d i m en t s .  Many s p e c i e s  have t h e  a b i l i t y  
t o  grow in  6.5% sodium c h l o r i d e  (Moore and Hoi deman,  1974) ,  i n d i ­
c a t i n g  t h e  p r o p i o n i b a c t e r i a  t o  have a f a i r  d e g r ee  o f  h a l o t o l e r a n c e .  
The Grea t  Bay E s t u a r i n e  w a t e r s  have a s a l i n i t y  o f  2.6%, wel l  w i t h i n  
t he  range  t o l e r a b l e  by t h e  p r o p i o n i b a c t e r i a .  The bot tom d e p o s i t s  
o f  r i c h  o r g a n i c  m a t t e r ,  which l a r g e l y  c o n s i s t s  o f  f i n e  s e d i m e n t s ,  
p rov i de  an env i ronment  f o r  much h e t e r o t r o p h i c  a c t i v i t y  l e a d i n g  t o  
low redox p o t e n t i a l s .  The low redox env i ronment s  c o n s t i t u t e  e x ­
c e l l e n t  c o n d i t i o n s  f o r  t h e  growth o f  a n a e r o b i c  b a c t e r i a  ( Z oBe l l ,  
1946) .  Due to  t h e  l a r g e  amount o f  h e t e r o t r o p h i c  a c t i v i t y  w i t h i n  
t he  s e d i m e n t s ,  l a r g e  amounts o f  o r g a n i c  a c i d s  a r e  p roduced .  Of 
t h e s e  o r g a n i c  a c i d s ,  l a c t a t e  i s  produced in r e l a t i v e l y  l a r g e  quan­
t i t i e s  ( M i l l e r  e t  a l , 1979) .  M i l l e r  e t  al  0 9 7 9 )  found p r o p i o n a t e  
in  t he  sed iment s  i n v e s t i g a t e d  i n d i c a t i n g  a p r o p i o n a t e - p r o d u c i n g  
organism t o  be p r e s e n t .  They demons t r a t ed  t h a t  an i n c r e a s e  in  
p r o p i o n a t e  occur s  i f  t he  sediment  was " s p i k e d ” wi th  an i n p u t  o f  
o r g a n i c  ca r bon ,  c e l l u l o s e .  This  may be ana logous  to  t he  r e s u l t s  
o f  Mackie and G i l c h r i s t  (1979) found in rumen f e r m e n t a t i o n s .
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A s u c c e s s i o n  may occu r  i n  which c e l l u l o l y t i c  b a c t e r i a  degrade  and 
u t i l i z e  t he  c e l l u l o s e ,  p roduc ing  l a c t a t e  which can be used by 
l a c t a t e - u t i l i z i n g  b a c t e r i a .  I f  p r o p i o n i b a c t e r i a  a r e  p r e s e n t ,  t he  
a d d i t i o n a l  l a c t a t e  would produce  i n c r e a s e d  p r o p i o n a t e  l e v e l s .
S ince  t h e  p r o p i o n i b a c t e r i a  p r e f e r e n t i a l l y  a t t a c k  l a c t a t e  over  
f e r m e n t a b l e  c a r b o h y d r a t e ,  t h i s  would a i d  t h e  organi sm i n  compet ing 
f o r  a s u b s t r a t e ,  t h u s  i n c r e a s i n g  i t s  chances  o f  s u r v i v a l  (Lee 
e t  a l ,  1974) .
More i n d i r e c t  e v i denc e  f o r  t he  p r e sen ce  o f  p r o p i o n i b a c t e r i a  
i n  t h e  mar ine  env i ronment  comes from t h e  f a c t  t h a t  c o r y n e b a c t e r i a ,  
c l o s e l y  r e l a t e d  o r g a n i s ms ,  a r e  o f t e n  i s o l a t e d  from such a r e a s .  
MacLeod e t  al  (1954) i n  a su r v ey  o f  t h e  n u t r i t i o n a l  r e q u i r e m e n t s  
o f  mar ine  b a c t e r i a  i s o l a t e d  from s e a w a t e r ,  t h e  s u r f a c e  and g u t  o f  
f i s h ,  and clams found t h e  l a r g e s t  numbers o f  organi sms  belong to  
t h e  genera  Mycoplana , C or y ne bac t e r i um, and F l a v o b a c t e r i u m . I t  i s  
a l s o  i m p o r t a n t  t h a t  a l a r g e  p o r t i o n  o f  b a c t e r i a  which a r e  a s s o c ­
i a t e d  wi th  s p o i l i n g  f i s h  a r e  o f  t h e  genera  Corynebac te r ium and 
Mycoplana ( T a r r ,  1954) .  Corynebac t e r ium i s  t h e  predominan t  o r g an ­
ism i s o l a t e d  from p o n d - r e a r e d  shr imp and shr imp from t h e  Gul f  o f  
Mexico (Vanderzant  e t  a l ,  1971; Vanderzant  e t  a l , 1972) .  An un-  
s p e c i a t e d  member o f  t h e  genus Corynebac t e r ium i s  r e s p o n s i b l e  f o r  
k idney d i s e a s e  o f  sa lmonids  (Bu l lock  e t  a l , 19.74).  Shewan (1938) ,  
however ,  i n v e s t i g a t e d  t he  s t r i c t  anae r obes  o f  t h e  s l i me  and i n t e s ­
t i n e s  o f  haddock and i s o l a t e d  members o f  t h e  genus C l o s t r i d i u m , 
but  not  Propi  oni faac te r iurn .
The d e t e c t i o n  o f  Propi  oni  b a c t e r i  urn in e s t u a r i n e  s ed iment s  and 
s h e l l f i s h  may have i m p o r t a n t  m i c r o b i o l o g i c a l  and g e o l o g i c a l  i m p l i ­
c a t i o n s .  I f  t he  p r o p i o n i b a c t e r i a  a r e  found t o  be d e r i v e d  from
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animal  s o u r c e s ,  t h e y  may v e ry  wel l  be used as a t oo l  t o  i n d i c a t e  
a p u b l i c  h e a l t h  hazard  o f  f e c a l  c o n t a m i n a t i o n  by human or  animal  
w a s t e s .  G e o l o g i c a l l y ,  t he  e s t u a r i n e  s ed imen t s  a r e  i m p o r t a n t  in 
t he  t u r n o v e r  and r e c y c l i n g  o f  o r g a n i c  and i n o r g a n i c  w a s t e s .  The 
p r o p i o n i b a c t e r i a  may s e r v e  in t h e  p r oc es s  by c o n t r o l l i n g  some 
f e r m e n t a t i o n ;  as  s u gg es t e d  in  t he  rumen; by p roduc i ng  s u b s t r a t e s ,  
p r o p i o n a t e  and a c e t a t e ,  u t i l i z e d  by o t h e r  o r g a n i s ms ,  such as  t he  
methanogens;  and by p roduc i ng  c o f a c t o r s ,  c ob a l a mi ns ,  r e q u i r e d  by 
many s o i l  o rgani sms  (Sanders  and Deaman, 1960) .
MATERIALS AND METHODS
C ul t u re s
B a c t e r i a l  c u l t u r e s  used i n  t h i s  i n v e s t i g a t i o n  were P r o p i o n i - 
b ac t e r i um acnes  KMU, £_. acnes  SK6, _P. qranulosum SK7, JP. granulosum 
SK8, £_. f r e u d e n r e i c h i i  s s . she r mani i  SCI , B i f i d o b a c t e r i u m  a d o ! e s -  
c e n t i s  ATCC 15703,  and S t r e p t o c o c c u s  f a e c a l i s  ATCC 9790.  S t r a i n s  
d e s i g n a t e d  "SK" were i s o l a t e d  from t he  s k i n ,  t h e  s t r a i n  d e s i g n a t e d  
"SC" was i s o l a t e d  from swi ss  cheese  by t h e  a u t h o r ,  £_. acnes  KMU 
was i s o l a t e d  from a u t e r i n e  sample and was k i n d l y  p rov i de d  by Ken 
Moore,  Maine Medical  C e n t e r ,  P o r t l a n d ,  Maine.  Biochemical  i d e n t i ­
f i c a t i o n  o f  i s o l a t e s  was made us i ng  methods o f  Hoi deman and Moore 
(1975; 1977) .
P r o p i o n i b a c t e r i u m  and B i f i d o b a c t e r iu r n  c u l t u r e s  were m a i n t a i n e d  
in chopped meat  (CM) b ro t h  a t  ambien t  t e m p e r a t u r e  wi th  monthly 
t r a n s f e r s .  At t h e  t ime o f  t r a n s f e r ,  t h e  c u l t u r e s  were checked f o r  
p u r i t y  by s t r e a k i n g  on to  c y s t e i n e ,  hemin,  and v i t ami n  K supplemented  
Brain Hear t  I n f u s i o n  a ga r  (BHIA) (Holdeman and Moore,  1975) ,  and 
BHIA w i t h o u t  c y s t e i n e .  The l a t t e r  was i n c u ba t ed  a e r o b i c a l l y .
S^ . f a e c a l i s  was m a i n t a i ne d  on t r y p t i c a s e  soy a ga r  s l a n t s  a t  4°C 
wi th  monthly t r a n s f e r s .
C u l t u r a l  Cond i t i ons
All  a n a e r o b i c  c u l t u r i n g  was performed wi th  V . P . I .  Anaerobic  
C ul t u r e  System us ing  methods d e s c r i b e d  by Hungate (1950) ,  and
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Holdeman and Moore (1975;  1977) ,  o r  wi th  an a n a e r o b i c  g l ove  box 
(Coy La bo ra to r y  P r o d u c t s ,  I n c . ,  Ann Arbor ,  Michigan)  as d e s c r i b e d  
by A r a n k i , Syed,  and Kenny (1969) .  The g l ove  box c o n t a i n e d  an 
a tmosphere  o f  n i t r o g e n ,  hydrogen,  and carbon  d i o x i d e  a t  85 ,  10,  
and 5 p e r c e n t ,  r e s p e c t i v e l y . Anaerobic  c o n d i t i o n s  were a s s u r e d  
w i t h i n  t h e  g love  box by a methy lene  b lue  i n d i c a t o r  (Smith and 
Holdeman, 1968) ,  and by t h e  i n c o r p o r a t i o n  o f  r e s a z u r i n  w i t h i n  
t h e  medium.
Media P r e p a r a t i o n
Pre r educed  a n a e r o b i c a l l y  s t e r i l i z e d  (PRAS) media were used 
in  expe r i men t s  i n v o l v i n g  t h e  c u l t i v a t i o n  o f  a n a e r o b i c  o rgani sms  
(Holdeman and Moore,  1975; 1977) .  Agar p l a t e s  be ing  used in t he  
a nae r o b i c  g love  box were p r epa r ed  as  PRAS medium wi t h  m o d i f i c a t ­
i o n s .  Components such as  p e p t o n e s ,  y e a s t  e x t r a c t ,  c a r b o h y d r a t e s ,  
and s a l t s  were d i s s o l v e d  in u l t r a p u r e  w a t e r  and b o i l e d  f o r  two 
to  f i v e  min.  Fol lowing b o i l i n g ,  t h e  medium was f l u s h e d  wi th  
o x yg e n - f r e e  carbon  d i o x i d e  and coo led  in an i c e  bath t o  room 
t e m p e r a t u r e .  Hemin, v i t a mi n  K, and c y s t e i n e  H C l ^ O  was added 
and t he  medium was a d j u s t e d  t o  t he  a p p r o p r i a t e  pH wi t h  8 N NaOH, 
f u r t h e r  f l u s h i n g  was c on t i n u e d  wi th  o x y g e n - f r e e  n i t r o g e n .  The 
b r o th  was poured i n t o  a f l a s k  c o n t a i n i n g  a g a r  w h i l e  be ing  f l u s h ed  
wi th  o x y g e n - f r e e  n i t r o g e n .  The f l a s k  was s e a l e d  and a u t o c l a v e d  
a t  121°C f o r  15 min.  A f t e r  s t e r i l i z a t i o n ,  t h e  medium was temp­
ered  t o  50°C in  a wa te r  b a t h .  The medium was i n t r o d u c e d  i n t o  
t he  a n a e r o b i c  g love  box and d i s pen se d  i n t o  g l a s s  p l a t e s .  P l a t e s  
were a l l owed  to d ry  f o r  24 h r s , t hen  s e a l e d  in  p l a s t i c  bags to  
p r e ve n t  e x c e s s i v e  d r y i n g  p r i o r  to use .
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A n a l y s i s  o f  Acid and Alcohol  
P r od uc t s  by Gas Chromatography
Six ml o f  t h e  b ro t h  c u l t u r e  t o  be a na ly z e d  were a c i d i f i e d  by 
t he  a d d i t i o n  o f  0.1 ml 50% s u l f u r i c  a c i d .  A l c oh o l s ,  v o l a t i l e  f a t t y  
a c i d s ,  and n o n - v o l a t i l e  f a t t y  a c i d s  were e x t r a c t e d  a c c o rd i n g  t o  
t he  p r ocedur es  o f  Holdeman and Moore (1975;  1977) and Supelco 
B u l l e t i n  748D.
Analyses  o f  e x t r a c t s  were per formed wi th  a Pe rk i n - E l mer  3920 
gas chromatograph equipped wi th  a f lame i o n i z a t i o n  d e t e c t o r .  A 
s t a i n l e s s  s t e e l  column,  10 f t  by 0 .125 i n ,  packed wi th  10% SP-1000/  
1% H^PO^ on 100/120 Chromasorb W AW (Supe lco ,  I n c . ,  B e l l e f o n t e ,  
P enns y l van i a )  was u t i l i z e d  f o r  s e p a r a t i o n  o f  t h e  b a c t e r i a l  p r o d u c t s .
The column t e m p e r a t u r e  was m a i n t a i n e d  a t  145°C,  wi th  t h e  i n ­
j e c t o r  t e mp e r a t u r e  a t  150°C and t h e  d e t e c t o r  t e m p e r a t u r e  a t  170°C. 
The n i t r o g e n  c a r r i e r  gas had a f l ow r a t e  o f  40 ml /mi n .  The combust ­
ion gases  were hydrogen and a i r  f l owing  a t  50 and 600 ml /min ,
r e s p e c t i v e l y .  A t t e n u a t i o n  was s e t  a t  128X and a 1 yl  sample s i z e
was used .  The r e c o r d e r  was s e t  a t  1 mv f u l l  s c a l e .
A na ly s i s  o f  Skin Samples f o r
P r o p i o n i b a c t e r i a  Using KCP Agar
Skin samples  were o b t a i n e d  from t h e  r e g i o n  o f  t h e  f o u r t h  t o  
s i x t h  v e r t e b r a  o f  each s u b j e c t .  Samples were o b t a i n e d  by a m o d i f i ­
c a t i o n  o f  t he  method o f  Aly and Mai bach (1 977) .  A p r e s t e r i l i z e d  
p o l y e t h y l e n e  c y l i n d e r ,  p r o v i d i n g  a s u r f a c e  a r e a  o f  f i v e  s quar e  
c e n t i m e t e r s ,  was p l aced  f i r m l y  over  t he  a r e a  t o  be sampled.  Two 
ml o f  a n a e r o b i c  s a l t s  d i l u e n t  c o n t a i n i n g  10% Tween 80 was p i p e t t e d  
i n t o  t he  c y l i n d e r ,  t he  sk in  was rubbed g e n t l y  f o r  one min wi th  a
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s t e r i l e  tongue  d e p r e s s o r .  The s u s p e ns i on  was removed and s e r i a l l y  
d i l u t e d  t e n - f o l d  in a n a e r o b i c  s a l t s  c o n t a i n i n g  10% Tween 80 u s ing  
t h e  V . P . I .  Anaerob i c  C u l t u r e  System.  The d i l u t i o n s  were p l aced  
i n t o  t h e  a n a e r o b i c  chamber and p l a t e d  by t h e  s p r ead  p l a t e  t e c h n i q u e  
onto KCP a ga r  and BHIA. The p l a t e s  were i n c u ba t ed  a t  35°C f o r  f i v e  
days .  C o l o n y - f o r m i n g - u n i t s  were de t e r mi ned  pe r  s q u a r e  cm o f  s k i n .
Recovery E f f i c i e n c y  o f  KCP Agar From 
Sediments  Seeded wi t h  P. acnes  SK6
A sed imen t  sample was o b t a i n e d  from t h e  high t i d e  l i n e  a t  t h e  
Jackson E s t u a r i n e  L a b o r a t o r y  l o c a t e d  on t h e  Gr ea t  Bay o f  New 
Hampshire.  A p l e x i g l a s s  box c o r e r  wi th  t h e  d imens ions  2'3 cm x 
7 . 5  cm was used t o  o b t a i n  t h e  s ed imen t  sample .  A l a y e r  o f  o v e r l y i n g  
e s t u a r i n e  w a t e r  was m a i n t a i n e d  ove r  t h e  c o r e  sample to p r e v e n t  
d i f f u s i o n  o f  oxygen i n t o  t h e  s e d i m e n t s .  The c o re  was t r a n s p o r t e d  
to  t h e  l a b o r a t o r y  and p l aced  i n t o  a p o l y e t h y l e n e  g love  bag ( I n s t r u ­
ments f o r  Research  and I n d u s t r y ,  Chel tenham,  P e n ns y lv an i a )  t h a t  was 
being f l u s h e d  wi th  n i t r o g e n  g a s .  The bag was s e a l e d  and t h e  o v e r -  
l y i ng  wa t e r  was removed from t he  s e d i m e n t s .  A s t e r i l e  s p a t u l a  was 
used to  remove t h e  t op  one cm o f  t h e  c or e  and p l a c e  i t  i n t o  a 
s t e r i l e  p o l y p r op y l en e  c e n t r i f u g e  b o t t l e .  The s ed imen t  was s t i r r e d  
u n t i l  homogeneous.  Approx ima te ly  1 g o f  t h e  s ed imen t  was p l aced  
i n t o  a s t e r i l e  t ube  s t o p p e r e d  wi th  a bu ty l  r ub be r  s t o p p e r .  The 
tube  was p l a ce d  i n t o  a p r e s s  (Be l l co  G l a s s ,  I n c . ,  V in e l an d ,  New 
J e r s e y )  and a u t o c l a v e d  f o r  15 min a t  121° C . The tube  was then  
c h i l l e d  a t  4°C o v e r n i g h t .
A 2 4 - h r  c u l t u r e  o f  P_. acnes  SK5 was d i l u t e d  in a n a e r o b i c  s a l t s
5 6d i l u e n t  t o  y i e l d  a p p r o x i m a t e l y  10 to  10 c o l o n y - f o r m i n g - u n i t s  ( c f u )
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per  ml,  and s p r ead  onto  BHIA. On e - t en t h  ml was t hen  mixed a na e r o b ­
i c a l l y  wi th  t h e  s t e r i l e  c h i l l e d  s ed imen t  and a l l owed  to  s e t t l e  f o r  
30 min.  The seeded s ed i men t  sample was s e r i a l l y  d i l u t e d  wi t h  a n a e r ­
ob i c  s a l t s  d i l u e n t  and p l a t e d  onto  KCP a g a r  by t he  s p r ea d  p l a t e  
t e c h n i q u e .  P l a t e s  were i n c u b a t e d  a t  35°C.
Dry we i gh t s  o f  t h e  s ed i men t  samples  were made and c ou n t s  were 
a d j u s t e d  t o  c fu  per  g d r y  we i gh t  o f  s e d i men t .
The E f f e c t s  o f  D i l u e n t  on 
Recovery from t h e  Sediment
Four t ypes  o f  d i l u e n t  were examined t o  a s s e s s  t h e i r  e f f e c t s  on 
t h e  r e c o v e r a b i l i t y  o f  P r o p i o n i b a c t e r i u m  from sed i men t  s amp l es .  The 
d i l u e n t s  examined were:  i )  pep t one ;  i i )  pep tone  p lus  Tween 80;
( i i i )  a n a e r o b i c  s a l t s ;  and i v )  a n a e r o b i c  s a l t s  p l u s  Tween 80.  The 
peptone d i l u e n t  c o n s i s t e d  o f  0.1% peptone  and 0.4% r e s a z u r i n  s o l u t ­
ion (Holdeman and Moore,  1975) .  I t  was b o i l e d  and coo led  under  
o x yg e n - f r e e  C0£. A f t e r  c o o l i n g ,  0.05% c y s t e i n e ,  HC1.H^O was added,  
and t he  d i l u e n t  was a u t o c l a v e d  f o r  15 min a t  121°C.  Peptone p lus  
Tween 80 was p re pa r ed  in t he  same f a s h i o n ,  e x c e p t  0.1% Tween 80 
was added p r i o r  to  b o i l i n g .  The a n a e r o b i c  s a l t s  d i l u e n t  was p r e ­
pared a c c o rd i n g  t o  t h e  V . P . I .  Anaerobe Manual (Holdeman and Moore,  
1975) .  The a n a e r o b i c  s a l t s  d i l u e n t  p l us  Tween 80 was p re pa r ed  in  
t he  same f a s h i o n ,  e xce p t  0.1% Tween 80 was added p r i o r  t o  b o i l i n g .
The sed iment  sample was p r e pa r e d  as  d e s c r i b e d  p r e v i o u s l y .  
D i l u t i o n s  were made in each t ype  o f  d i l u e n t  and p l a t e d  onto  BHIA 
and i nc ub a t ed  in t he  a n a e r o b i c  g love  box a t  35°C.
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Growth o f  P r o p i o n i b a c t e r i u m  in Seawater
The growth r a t e s  o f  R_. acnes  KMU, £ .  acnes  SK6, _P. granulosum
SK7, P_. qranulosum SK8, and £ .  f r e u d e n r e i c h i i  s s .  s he r man i i  SCI 
were per formed in  KCP b r o t h .  KCP b r o t h  base (KCP agar  minus bromo- 
c r e s o l  g r e e n ,  neomycin,  n a l i d i x i c  a c i d ,  and a g a r ) ,  KCP b r o t h  base  
made wi th  75% a r t i f i c i a l  s e a w a t e r  (26 p a r t s  pe r  t housand  {p p t > 
s a l i n i t y ) ,  and KCP b ro t h  base was made wi th  100" a r t i f i c i a l  s eawa t e r  
(35 pp t  s a l i n i t y ) .  The a r t i f i c i a l  s e a w a t e r  was t h a t  o f  Lyman and 
Fleming (1940) ( s ee  a p p e n d i x ) .
Anaerobic  c u l t u r e  t u be s  used in t h e  growth s t u d i e s  were washed 
in sodium d i c h r o m a t e - s u l f u r i c  a c i d ,  r i n s e d  t wice  wi th  t a p  wa te r  
f o l l owed  by t e n  r i n s e s  o f  u l t r a p u r e  w a t e r  (Mi H i  pore  C o r p o r a t i o n )  
wi th  a r e s i s t a n c e  o f  18 megaohms.
I n o c u l a  f o r  growth expe r imen t s  were grown i n  PYG b ro t h  and KCP 
bro th  base  f o r  24 h r s  a t  35°C. Absorbance r e a d i n g s  were made wi th
a Bausch and Lomb S p e c t r o n i c  88 s p e c t r o p h o t o m e t e r  ( R o c h e s t e r ,  New
York) a t  a wave leng th  o f  670 nm. Each p o i n t  r e p r e s e n t s  t he  ave r age  
o f  a t  l e a s t  t r i p l i c a t e  s ampl es .
In v i t r o  S u r v i va l  o f  P r o p i o n i b a c t e r i a  
in  A r t i f i c i a l  Seawater
The in v i t r o  s u r v i v a l  o f  p r o p i o n i b a c t e r i a  in a r t i f i c i a l  s e a ­
wa te r  w i t h o u t  n u t r i e n t s  was a s s e s s e d .  All  g l a s s w a r e  was washed 
wi th  sodium d i c h r o m a t e - s u l f u r i c  a c i d ,  r i n s e d  t wi c e  wi th  t a p  wa te r  
fo l l owed  by t e n  r i n s e s  wi th  u l t r a p u r e  wa t e r  having  a r e s i s t a n c e  o f  
18 megaohms. Lyman and Fleming a r t i f i c i a l  s ea wa t e r  was f i l t e r  
s t e r i l i z e d  (0 .2  yin, M i l l i p o r e  Company) d i r e c t l y  i n t o  s t e r i l e  
Er lenmeyer  f l a s k s .  Four f l a s k s  per  organism to be examined were
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p r e p a r e d .  Two o f  t h e s e  were gassed  wi t h  o x y g e n - f r e e  n i t r o g e n  f o r  
1 hr  and s e a l e d  wi th  a butyl  r u b b e r  s t o p p e r ;  t h e s e  were l a b e l l e d  
" a n a e r o b i c " .  The r ema in ing  two f l a s k s  were l a b e l l e d  " a e r o b i c " .
The organi sms  examined were P_. acnes  SK6, P_. granul  osum SK7, 
and £ .  f r e u d e n r e i c h i i  s s .  she r man i i  SCI.  C u l t u r e s  were grown in  
KCP b r o t h  base  t o  l a t e  log  phase  a t  which t ime t h e y  were c e n t r i ­
fuged,  a n a e r o b i c a l l y ,  a t  2 ,000 x g f o r  10 min.  The s u p e r n a t a n t  
f l u i d  was decan t ed  wh i l e  t h e  t ube  was f l u s h e d  wi th  o x y g e n - f r e e  n i ­
t r o g e n .  The p e l l e t  was washed t w i ce  wi th  n i t r o g e n - f l u s h e d  f i l t e r  
s t e r i l i z e d  a r t i f i c i a l  s e a w a t e r  and r e suspended  in  a n a e r o b i c  s e a ­
w a t e r .  The s u sp e ns i on  was used to  i n o c u l a t e  f o u r ,  two a e r o b i c  and 
two a n a e r o b i c ,  f l a s k s  o f  s eawa t e r  f o r  each organ i sm.  One a e r o b i c  
and a n a e r o b i c  f l a s k  f o r  each organi sm was i n c u b a t e d  a t  4°C,  t h e  
o t h e r s  a t  15°C. Samples were removed a t  t h e  t ime o f  i n o c u l a t i o n ,  
and a t  24 -h r  i n t e r v a l s ,  p l a t e d  onto  BHIA by t h e  s p r ead  p l a t e  t e c h ­
nique  and i n c u ba t ed  a t  35°C in  t he  a n a e r o b i c  g love  box.
Enumerat ion o f  P r o p i o n i b a c t e r i a  
in E s tu a r y  Sediments
Sediment  samples  were removed from t h e  Grea t  Bay E s tu a ry  by 
means o f  a p o l y c a r b o n a t e  c y l i n d e r  t o  a dep th  o f  9 cm. The c o r e s  
were ex t r u de d  i n t o  a p o l y e t h y l e n e  g l ove  bag t h a t  was f l u s h e d  wi th  
n i t r o g e n  g a s .  The c o re  was d i v i d e d  i n t o  t h r e e  3 cm s e c t i o n s ,  each 
s e c t i o n  was p l aced  i n t o  a s t e r i l e  beaker  and s t i r r e d  u n t i l  homogen­
eous .  Approximate ly  1 g was removed and p l aced  i n t o  a t ube  o f  
a nae ro b i c  s a l t s  d i l u e n t ,  mixed f o r  20 s e c ,  and d i l u t e d  t e n - f o l d .  
P r o p i o n i b a c t e r i a  were enumerated by t h e  s p r e ad  p l a t e  t e c h n i q u e  on 
KCP aga r  and i nc uba t ed  a t  35°C in t h e  a n a e r o b i c  g love  box.
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A na ly s i s  o f  S h e l l f i s h  and Fish 
I n t e s t i n e s  f o r  P r o p i o n i b a c t e r i a
S h e l l f i s h  ( s t e a m e r s ,  guahogs ,  and m u s se l s )  were o b t a i n e d  from 
l o c a l  m a r k e t s ,  Lawrence Exper imenta l  S t a t i o n ,  Lawrence,  Massa­
c h u s e t t s ,  and t h e  Ipswich S h e l l f i s h  Company, I p swi ch ,  M a s s a c h u s e t t s .  
Fi sh  i n t e s t i n e s  were o b t a i n e d  th r ough  l o c a l  f i s h  m a r k e t s .  All  
m a n ip u l a t i o n s  were per formed w i t h i n  t h e  a n a e r o b i c  i s o l a t i n g  chamber .  
Fi sh  i n t e s t i n e s  were weighed and s u f f i c i e n t  d i l u e n t ,  a n a e r o b i c  
s a l t s  d i l u e n t ,  was added t o  p r o v i de  a 1 :10 d i l u t i o n .  The c o n t e n t s  
were homogenized in a Waring b l e n d e r  f o r  1 min f o l l owed  by f o u r  15 
sec  s p u r t s .  The homogenate was d i l u t e d  t e n - f o l d  in a n a e r o b i c  s a l t s .  
S h e l l f i s h  were weighed a s e p t i c a l l y  and 50 g amounts p l a ce d  i n t o  a 
Waring b l e n d e r  w i t h  450 ml o f  a n a e r o b i c  s a l t s  d i l u e n t .  The c o n t e n t s  
were homogenized and d i l u t e d  as  above.
The f i s h  and s h e l l f i s h  samples  were p l a t e d  on KCP a ga r  u s ing  
t h e  sp read  p l a t e  t e c h n i q u e ,  t h e  p l a t e s  were i n c u b a t e d  a t  35°C and 
25°C f o r  7 d.
Enumerat ion o f  Fecal  I n d i c a t o r s
Samples to  be a na l yz ed  f o r  f e c a l  i n d i c a t o r s  ( s h e l l f i s h ,  s e d i ­
ment s ,  and w a t e r )  were d i l u t e d  in  peptone  b u f f e r .  Col i form and 
f e ca l  c o l i f o r m  e numer a t i ons  were per formed by t h e  Most P r obable  
Number (MPN) t e c h n i q u e  as  o u t l i n e d  i n  S t anda rd  Methods f o r  t h e  
Ana l ys i s  o f  Water and Wastewater  (A.P .H.A. ,  1971) .  En t e r oc oc c i  
a n a l y s i s  was per formed by t he  s p r e ad  p l a t e  t e c h n i q u e  onto  
m-Enterococcus  a ga r  ( S l a n e t z  and B a r t l e y ,  1957; A. P. H. A. ,  1971) .
S t a t i s t i c a l  A n a ly s i s
To d e t e r mi ne  t h e  s i g n i f i c a n t  d i f f e r e n c e  between g e n e r a t i  
t imes  i n  s a l t  w a t e r ,  an a n a l y s i s  o f  v a r i a n c e  was per formed 
( Johnson ,  1976) .
RESULTS
Development  o f  a S e l e c t i v e  
Medium f o r  P r o p i o n i b a c t e r i u m
A s e l e c t i v e  medium d es i gne d  f o r  t h e  i s o l a t i o n  o f  b i f i d o b a c ­
t e r i a ,  d e s i g n a t e d  YN6 deve loped  by Resnick and Levine (Abs t .
Annual Meet ing o f  t h e  American S o c i e t y  o f  M i c r o b i o l o g y ,  New 
Or l e a n s ,  L o u i s i a n a ,  1977) was found c ap a b l e  o f  r e c o v e r i n g  p r o p i o n i ­
b a c t e r i a .  In o r d e r  t o  produce  a medium s e l e c t i v e  f o r  p r o p i o n i b a c ­
t e r i a ,  YN6 was modi f i ed  by amending t h e  s o u r c e  o f  f e r m e n t a b l e  
c a r bon .  Carbon so u r c es  examined were g l u c o s e ,  l a c t a t e ,  and g l y ­
c e r o l ,  a l o n e  or  in  c o mb i n a t i o n s .  Tab le  1 compares t h e  compos i t i on  
o f  YN6 a ga r  wi t h  t he  v a r i o u s  m o d i f i c a t i o n s  a t t e m p t e d .  P r o p i o n i - 
bac t e r ium acnes  SK6, JP. granulosum SK7, 8_. a d o ! e s c e n t i s  ATCC 15703,  
and S_. f a e c a l i s  ATCC 9790 were t e s t e d  f o r  t h e i r  a b i l i t y  t o  grow 
on t h e  mod i f i ed  YN6 a g a r s .  The l a t t e r  two organi sms  were i n c l u d e d  
because  o f  t h e i r  a b i l i t y  t o  grow on t he  o r i g i n a l  YN6 medium (M. 
Levine ,  pe r sona l  communica t ion) .  BHIA b r o t h  was i n o c u l a t e d  wi th  
each organism and i n c u b a t e d  w i t h i n  an a n a e r o b i c  g l ove  box a t  35°C 
f o r  48 h.  Each c u l t u r e  was i n o c u l a t e d  by t h e  f o u r  q r a d r a n t  s t r e a k  
method onto  YN6 and mo di f i ed  YN6 a g a r s .  The p l a t e s  were i n c u b a t e d  
a t  35°C w i t h i n  t h e  g l ove  box and checked d a i l y  f o r  7 d.  I f  growth 
o c c u r r e d ,  t he  day a t  which maximum co lony  s i z e  was a ch i e ve d  was 
r e c o r d e d .
Table  2 shows t he  s e l e c t i v i t y  o f  t h e  v a r i o u s  medium m o d i f i c a t ­
ions  f o r  t h e  organisms  t e s t e d .  M o d i f i c a t i o n s  V and VI,  c o n t a i n i n g
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TABLE 1
MODIFICATIONS OF YN-6 MEDIUM (LEVINE AND RESNICK, 1977) FOR THE SELECTIVE ISOLATION OF
PROPIONIBACTERIUM sp.
M o d i f i c a t i o n s
I n g r e d i e n t s 3 YN-6 I II I I I IV V VI VII
Yeast  E x t r a c t 2 . 0 2 .0 2 . 0 2 . 0 2 .0 2 . 0 2 . 0 2 . 0
Polypeptone
V
1.0 1 .0 1.0 1.0 1.0 1 .0 1.0
Glucose 0 . 5 0 . 5 0 . 5 0 .5 X X X
Lac tose 1.0 X X X X X X X
V i t a m i n - f r ee  
Casamino a c i d s
0 . 8 0 . 8 0 . 8 0 . 8 0 . 8 0 . 8 0 . 8 0 . 8
NaCl 0 .32 0 .32 0.32 0.32 0.32 0.32 X 0.32
L.eys t e i ne . HCl 0 .04 0.05 0 .05 0 .05 0 .05 0 .05 0 .05 0.05
Bromocresol  green 3000 3000 300 300 300 300 300 300
Hemi n 50 50 50 50 50 50 50 50
N a l i d i x i c  ac i dcd  
NeomycinC(*
800 800 800 800 800 800 800 800
180 180 180 180 180 180 180 180
L a c t a t e X 1.5 1.5 1.5 1.5 1.5 1.5 X
Glycerol X 1.0 1.0 X X X X 1.0
ag pe r  100 ml ,  e xce p t  where noted o t h e r w i s e .
^Omit ted.
pe r  100 ml.
^ A n t i b i o t i c s  were f i l t e r  s t e r i l i z e d  through 0 . 2  ym f i l t e r s ( M i l l i p o r e  Corp . )  and added t o  media a f t e r  
a u t o c l a v i n g .
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TABLE 2
SELECTIVITY OF YN-6 AGAR AND ITS MODIFICATIONS
Days Requi red  t o  Achieve  Maximum Colony S i ze  
Organism YN-6 I I I  I I I  IV V VI VII
P r o p i o n i b a c t e r i u m 9 NG*3 5 5 5 5 5 5
B. a d o l e s c e n t i s  2 3 3 3 3 NG NG NG
S. f a e c a l i s  2 2 2 3 3 NG NG




on ly  l a c t a t e  as a f e r m e n t a b l e  carbon  s o u r c e ,  d e mons t r a t ed  t he  a b i l ­
i t y  t o  grow t h e  Propi  oni  bac t e r i um s t r a i n s  whi l e  i n h i b i t i n g  J3. 
a d o l e s c e n t i s  and S.. f a e c a l  i s . The on l y  d i f f e r e n c e  between m o d i f i ­
c a t i o n  V and VI i s  t h e  absence  o f  MaCl in  t he  l a t t e r .  S ince  t he  
absence  o f  NaCl had no e f f e c t  on per formance  m o d i f i c a t i o n ,  VI was 
chosen f o r  s ubs equen t  i n v e s t i g a t i o n s  and renamed KC Pr op ion i  b a c t e r ­
ium (KCP) a g a r .  P r o p i o n i b a c t e r i a l  c o l o n i e s  a r e  l i g h t  to  dark  b l u e ,  
c i r c u l a r ,  smooth-edged,  convex becoming umbonate wi th  a g e ,  and 
g l i s t e n i n g  wi th  a d i a m e t e r  o f  1 t o  2 mm ( F i g .  1 t h r ough  3 ) .
To de te r mi ne  t he  e f f i c i e n c y  o f  r e c o v e r y  o f  KCP a g a r ,  enumera­
t i o n s  were per formed compar ing KCP wi t h  n o n s e l e c t i v e  a g a r ,  BHIA.
P_. acnes  SK6, _P. granul  osum SK7, and P_. f r e u d e n r e i c h i  i s s . she r mani i  
were grown in  p e p t o n e - y e a s t  e x t r a c t - g l u c o s e  (PYG) b r o t h  (Holdeman 
and Moore,  1977) a t  35°C f o r  48 h.  T e n - f o l d  d i l u t i o n s  were made 
i n  a n a e r o b i c  s a l t s  d i l u e n t  (Holdeman and Moore,  1975;  1977) and 
p l a t e d  onto  KCP a g a r  and BHIA a g a r ,  i n  t r i p l i c a t e ,  by t h e  sp read  
p l a t e  t e c h n i q u e  (Buck and C l eve rdon ,  1960) .  The p l a t e s  were i n c u ­
ba ted  in  t h e  a n a e r o b i c  g love  box a t  35°C f o r  5 d.  Enumerat ions  
were made wi t h  t h e  a i d  o f  a s t e r e o s c o p e  a t  1 OX m a g n i f i c a t i o n .  _P. 
f r e u d e n r e i c h i i  s s .  s he r man i i  demons t r a t ed  t h e  most  e f f i c i e n t  r e c o v ­
e ry  r a t e  o f  a l l  s t r a i n s  examined,  105%. P_. acnes  SK6 and P_. q r anu-
losum SK7 averaged  r e c o v e r y  e f f i c i e n c i e s  o f  83 and 97%, r e s p e c t i v e l y . 
This g ives  an o v e r a l l  r e c o v e r y  e f f i c i e n c y  f o r  t he  s t r a i n s  examined 
o f  95%, and f o r  t h e  n o nd a i r y  s t r a i n s ,  90%.
Due t o  t he  s t i m u l a t o r y  e f f e c t  e x h i b i t e d  by s ea wa t e r  on some 
s t r a i n s  o f  p r o p i o n i b a c t e r i a  ( t o  be d i s c u s s e d  below) KCP a ga r  was 
made wi th  100% a r t i f i c i a l  s ea wa t e r  ( d e s i g n a t e d  KCP 100 a ga r )  and t he
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Figure  1.
Colonia l  appea r ance  of  £_. acnes  SK6 on KCP a g a r .
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Figure  2,
Colonia l  appea rance  o f  P. granulosum SK7 on KCP agar ,
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F i gu r e  3,
Co lon ia l  app ea ra nce  o f  £_. f r e u d e n r e i c h i i  s s .  she r mani i
on KCP a g a r .
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r e c o v e r y  e f f i c i e n c y  was de t e r mi ned  as  d e s c r i b e d  above.  The a r t i ­
f i c i a l  s e a w a t e r  was t h a t  o f  Lyman and Fleming (1940) ( see  a p p e n d i x ) .
The a d d i t i o n  o f  s e a w a t e r  to  KCP a ga r  produced an i n c r e a s e  in 
r e c o v e r y  from 83 t o  87% f o r  £ .  acnes  SK6. _P. granulosum SK7 demon­
s t r a t e d  no change i n  r e c o v e r y ,  97%. However,  P\ f r e u d e n r e i c h i i  s s .  
shermani i  de mo ns t r a t ed  and a p p r e c i a b l e  d e c r e a s e  in r e c o ve ry  i n  t he  
KCP 100 a ga r  when compared to  KCP a g a r ,  105 t o  79%. The ave r age  
r e c ov e r y  e f f i c i e n c y  f o r  a l l  s t r a i n s  was 88%, a d e c r e a s e  from 95% 
when s e a w a t e r  i s  e l i m i n a t e d .
A n a l y s i s  o f  Skin Samples 
f o r  P r o p i o n i b a c t e r i a  Using KCP Agar
Six sk i n  samples  were a na l yz ed  f o r  p r o p i o n i b a c t e r i a  u s i ng  KCP 
ag a r  and BHIA. P r o p i o n i b a c t e r i a l  numbers were de t e r mi ned  on BHIA 
by c o u n t i n g  c i r c u l a r ,  smooth,  convex,  wh i t e  c o l o n i e s  t h a t  appea red  
a f t e r  day 4 o f  i n c u b a t i o n .  To conf i rm t he  c o l o n i e s  as  p r o p i o n i ­
b a c t e r i a ,  c o l o n i e s  o f  s i m i l a r  morphology were p i c k e d ,  gram s t a i n e d ,  
t e s t e d  f o r  c a t a l a s e ,  and s u b j e c t e d  t o  gas c h r oma tog r a phy . I s o l a t e s  
t h a t  were g r a m - p o s i t i v e  p leomorphic  r o d s ,  c a t a l a s e - p o s i t i v e ,  and 
produced a c e t i c  and p r o p i o n i c  a c i d  as major  endproduc t s  were d e s i g ­
na t ed  p r o p i o n i b a c t e r i a .  The numbers o f  p r o p i o n i b a c t e r i a  on BHIA
4 5 2 5ranged from 1 . 0 x 1 0  t o  8 . 0  x 10 cfu/cm wi th  a mean o f  3 . 9  x 10
3
(Table  3 ) .  The numbers f o r  KCP a ga r  ranged from 9 . 4  x 10 t o  5 .4  x
5 2 510 c fu /cm wi th  a mean o f  3 . 6 . x  10 . The KCP a ga r  demons t ra t ed  a
92% r e c o ve ry  e f f i c i e n c y  o v e r a l l  compared to  t h e  n o n s e l e c t i v e  BHIA.
From Table  3,  i t  can be seen  t h a t  t he  KCP a ga r  i s  g r e a t e r  than  99.9%
s e l e c t i v e  f o r  p r o p i o n i b a c t e r i a  when a n a l y z i n g  sk i n  s ampl es .  The
o v e r a l l  e f f i c i e n c y  o f  KCP a ga r  vs BHIA f o r  r ecove r y  from sk in  i s ,
TABLE 3
ANALYSIS OF SKIN FOR PROPIONIBACTERIA ON KCP AGAR
BHIA____________________   KCP__________________
Total  P r op i on i ba c t e r i u m Tota l  P r op io n i ba c t e r i u m
Count Count Count Count________
Skin P e r c e n t  P e r ce n t
Sample________________cfu/cm2____________________ Propi  oni  b a c t e r i  a_________cfu / cm2___________________________ Recovery9
1 9 .0 X
5
10° 6 .9  x 105 77 6 .4  x 105 6 .4  x 105 93
2 1 .4 X 104 1 .0  x 104 71 9 .4  x 103 9 .4  x 103 94
3 1 .0 X 106 8 .0  x 105 80 7 .2  x 105 7 .2  x 105 90
4 5 .7 X 105 4 .5  x 105 79 4 .3  x 105 4 . 3  x 105 96
5 2.1 X 104 1.6  x 104 76 1 .4  x 104 1.4  x 104 88
6b 6 .5 X 102 <600 — <600 <600 —
Meanc 5 .0 X 105 3 .9  x 105 77 3 .6  x 105 3 .6  x 105 92
a KCP vs BHIA
^S ub jec t  used a d i s i n f e c t a n t  soap and was t a k i n g  a n t i b i o t i c s  f o r  s k i n  c o n d i t i o n  
c Sample s i x  was no t  c o ns id e re d  when c a l c u l a t i n g  t h e  mean
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t h e r e f o r e ,  t h e  same as i t s  c omp ar a t i ve  e f f i c i e n c y  f o r  t h e  pure  c u l t ­
u res  o f  non da i r y  s t r a i n s ,  9 0 % .
Recovery E f f i c i e n c y  o f  KCP Agar From 
Sediments  Seeded wi th  P. acnes  SK6
To d e t e r mi ne  t o  what  de gr e e  mar i ne  sed iment s  might  i n h i b i t  r e ­
c ove r y  o f  p r o p i o n i b a c t e r i a ,  £ .  acnes  SK6 seeded s ed imen t  samples  
were enumerated on KCP a g a r .  Table  4 shows KCP a g a r  t o  r e c o v e r  an 
a ve r age  o f  81%  o f  t h e  seeded  organ i sm.
The E f f e c t s  o f  D i l ue n t  on Recovery 
o f  P. acnes  SK6 from Sediments
The t ype  o f  d i l u e n t  can i n f l u e n c e  t he  r e c o v e r y  o f  an o rgan i sm,  
t h e r e f o r e ,  f ou r  d i l u e n t s  were examined t o  t e s t  t h e i r  e f f i c i e n c y  in 
r e c o v e r i n g  £ .  acnes  SK6 from seeded s e d i m en t s .  One t ype  was based 
upon t h e  pep tone  wa te r  d i l u e n t  i n  S t a nda rd  Methods ( A. P .H.A. ,  1971) 
m od i f i ed  by t he  a d d i t i o n  o f  c y s t e i n e ,  t h e  second t y p e  was t he  
a n a e r o b i c  s a l t s  d i l u e n t  (Holeman and Moore,  1975;  1977) .  Each was 
mod i f i ed  f u r t h e r  by t h e  a d d i t i o n  o f  Tween 80.  Tween i s  a no n i o n i c  
d e t e r g e n t  t h a t  may i n c r e a s e  r e c o v e r y  by d i s l o d g i n g  t he  organism 
from p a r t i c u l a t e  m a t t e r  and s u b s e q u e n t l y  s t i m u l a t i n g  t h e  growth o f  
p r o p i o n i b a c t e r i a  (Holdeman and Moore,  1977) .
Table  5 d e m o n s t r a t e s  t h e  r e l a t i o n s h i p  between d i l u e n t  and r e ­
covery  o f  £ .  acnes  SK6. The a n a e r o b i c  s a l t s  d i l u e n t  gave t h e  most  
e f f i c i e n t  r e c o v e r y  p e r c e n t a g e  (81%) o f  t h e  f o u r  t ype s  i n v e s t i g a t e d .
Growth o f  P r o p i o n i b a c t e r i a  
in  Seawater
To de te r mi ne  t he  e f f e c t s  o f  s ea w a t e r  s a l t s  on t h e  growth o f  
p r o p i o n i b a c t e r i a ,  growth curves  were per formed a t  35°C in KCP bro th
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TABLE 4
RECOVERY EFFICIENCY OF KCP AGAR FROM ESTUARINE SEDIMENTS 
SEEDED WITH P,_ acnes  SK6
B a c t e r i a l  Recovery
K C P j s a r  BHIA Comparat ive
T r i a l a________cfux  10 -q  d ry  we i gh t " *_______________ E f f i c i e n c y
1 1.9 2 . 4 79
2 1.5 1 .8 83
3 1 . 3 1 .6 81
a No p r o p i o n i b a c t e r i a  were r e co v e r e d  from unseeded s ed i men t s  by 
e i t h e r  method
bP e r c e n t
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TABLE 5
EFFECT OF DILUENT TYPE OF THE RECOVERY OF acnes  SK6 FROM 
SEEDED ESTUARINE SEDIMENTS
B a c t e r i a l  Recovery
KCP a ga r  BHIA Comparat ive
3 - 1  aD i l u e n t  Type________________________ cfux  10 -g  dry  we i gh t  _________ E f f i c i e n c y
Peptone 2 . 3 16 14
Peptone + Tween 80 2 . 0 16 13
Anaerob i c  s a l t s 13 16 81
Anaerob i c  s a l t s  + Tween 80 9 .9 16 62
a P e r ce n t
I
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base  made wi t h  u l t r a p u r e  w a te r  and v a r i o u s  c o n c e n t r a t i o n s  o f  s e a ­
w a t e r .
F i gu r es  4 t h rough  10 d em o n s t r a t e  t h e  r e l a t i o n s h i p  between t he  
growth o f  s e v e r a l  s t r a i n s  o f  P r o p i o n i b a c t e r i u m  and s e a w a t e r .  F igure  
4 shows t he  p r e s e nc e  o f  75% s e a w a t e r  to  cause  an i n c r e a s e  in t he  
l ag  phase  o f  _P. acnes  KMU. Once i n t o  e x p o n e n t i a l  g rowth ,  _P. acnes  
KMU d i s p l a y s  a s h o r t e r  g e n e r a t i o n  t ime  in 75% s e a w a t e r  than  w i t h ­
o u t ,  8 h and 10 h,  r e s p e c t i v e l y .  The same phenomenon i s  observed  
f o r  £ .  acnes  SK6 ( F i g .  5 and 6 ) ,  _P. qranulosum SK8 ( F i g .  9 ) .  £ .
f r e u d e n r e i c h i  i s s .  s he r man i i  SCI a l s o  d em o ns t r a t e s  an i n c r e a s e  in 
t h e  l a g  phase  as t h e  s e a w a t e r  c o n c e n t r a t i o n  i n c r e a s e s ;  however ,  
u n l i k e  t he  animal  s t r a i n s ,  t h e  g e n e r a t i o n  t imes  o f  t h i s  organi sm 
l e n g t h e n  in  t he  e x p o n e n t i a l  phase  wi t h  an i n c r e a s e  in  s e a w a t e r  
( F i g .  10) .
Table  6 shows t h e  r e l a t i o n s h i p  between g e n e r a t i o n  t ime and 
s ea w a t e r  c o n c e n t r a t i o n s .
Growth curves  were a l s o  per formed a t  v a r i o u s  t e m p e r a t u r e s ;
25°C, 15°C, and 4°C. All  s t r a i n s  o f  p r o p i o n i b a c t e r i a  f a i l e d  t o  
grow a t  any o f  t h e s e  t e m p e r a t u r e s .
In v i t r o  Su rv i va l  o f  
P r o p i o n i b a c t e r i a  in Seawater
The s u r v i v a l  o f  t h r e e  s p e c i e s  o f  P r o p i o n i b a c t e r i u m  was d e t e r ­
mined under  fou r  c o n d i t i o n s :  a t e m p e r a t u r e  o f  4°C in  an a tmosphere
o f  n i t r o g e n  o r  ambien t  a i r  and a t e m p e r a t u r e  o f  15°C i n  n i t r o g e n  or  
a i r .  Enumerat ion o f  s u r v i v o r s  was de t e r mined  f o r  a p e r i o d  o f  7 d 
and t h e  p e r c e n t  o f  d e a t h s  was c a l c u l a t e d  (Table  7 ) .  In a l l  c a s e s ,  












Figure  4.  Growth o f  P_. acnes  KMU i n  0% ( * — — ■■»■■•.*) 
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Figure 5. Growth of P_. acnes SK6 in 0% (• — — —  •)
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Figure  6.  Growth o f  P_. acnes  SK6 i n  0% (* ....... *)
and 100% (g —  ■■■...  g ) s e a w a t e r .
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Figure 7. Growth of _P. granulosum SK7 in 0% (• — — — * •)
and 75% (0 — — — ■— ()) seawater.
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Figure 8. Growth of £_. granulosum SK7 in 0% (0 — — —  0)























Figure 9. Growth of P_. granulosum SK8 in 0% (I — •)


























Figur e  10.  Growth o f  _P. f r e u d e n r e i c h i i  s s .  shermani i  i n
0% ( •    • ) ,  75% (* _ _ _  * ) ,













RELATIONSHIP BETWEEN GENERATION TIME OF SEVERAL 
PROPIONIBACTERIA AND SEAWATER CONCENTRATION
Ge ne r a t i on  Times (h)
Organism 0a 75 100
P. a c n e s  KMU 10 8 _b
P. acnes  SK5 13 10 11
P. granulosum SK7 13 11 10
P. granulosum SK8 13 11 —
P. f r e u d e n r e i c h i i  s s . shermani i 8 10 14
a P e r c e n t  s ea w a t e r  in  medium.
^Not d e t e r mi ne d .
All v a l ue s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  (p<0.05)  as  compared 
t o  0%.
TABLE 7
PERCENT DEATH OF PROPIONIBACTERIA IN SEAWATER RELATIVE TO ATMOSPHERE AND TEMPERATURE
P. acnes SK6  P. granulosum SK7  P. freudenreichii
il°C 15°C 4°C 15°C 4°C 15°C
Day h Air n2 A1r n2 Air n2 A1r n2 A1r n2 A1r
1 93.7 80.5 99.9 __a 67.1 40.0 88.6 83.6 11.8 23.5 43.5 49.4
2 98.7 76.8 — — 86.3 65.8 98.2 97.1 NDb ND ND ND
3 — 95.1 — — 98.7 92.7 99.7 99.5 23.5 23.5 71.2 80.0
4 — 98.0 — — 99.1 97.1 — — ND ND ND ND
5 — 99.5 — — 99.9 99.2 — — 44.1 35.3 95.7 90.6
6 - 99.7 — — ND ND ND ND




t e m p e r a t u r e ,  t h e  t ype  o f  a tmosphere  had l i t t l e  i n f l u e n c e  on d i e ­
o f f .  At t h e  lower t e m p e r a t u r e  o f  4°C, _P. acnes  SK6 and £ .  
granulosum SK7 d em o n s t r a t ed  l o n g e r  s u r v i v a l  t imes  in  an a tmos ­
phere  o f  ambien t  a i r  t han  one o f  n i t r o g e n .  £ .  f r e u d e n r e i c h i i  
s s .  she r mani i  was i n d i f f e r e n t  to  t h e  type  o f  a tmosphere  p r e s e n t .
Enumerat ion o f  P r o p i o n i b a c t e r i a  
in t h e  Grea t  Bay E s tu a ry
Sediment  samples  were o b t a i n e d  from t h e  e s t u a r y  a t  v a r i o u s
l o c a t i o n s  ( F ig .  11 ) .  Samples were a na l yz ed  f o r  t h e  p r e s e nc e  o f
p r o p i o n i b a c t e r i a  u s ing  KCP a g a r  and BHIA a g a r .  Colony- forming-
2
u n i t s  from a l l  s i t e s  on KCP a ga r  ranged from 2 .0  x 10 t o  8 .8
4 4x 10 per  g d ry  we i gh t  o f  sed iment  w i t h  an a ve r age  o f  3 . 4  x 10 .
All  i s o l a t e s  were g r a m - p o s i t i v e  b a c i l l i  o f  uni form morphology.
Gas chromatograph a n a l y s i s  o f  f e r m e n t a t i o n  e n d - p r o d u c t s  r e v e a l e d  
t h e  i s o l a t e s  to  be members o f  t h e  genus C l o s t r i d i u m  and no t  
P r o p i o n i b a c t e r i u r n . P r oduc t s  found i n c l u d e d  l a r g e  amounts o f  
b u t y r a t e  and i s o v a l e r a t e  and smal l  amounts o f  i s o c a p r o a t e  sug­
g e s t i n g  such s p e c i e s  as  l a c t a t e - u t i l i z i n g  or  p r o t e o l y t i c
C l o s t r i d i u m  (Holdeman and Moore,  1977) .  The r ange  o f  numbers
5 7on BHIA was 4 . 4  x 10 to 2 . 0  x 10 c fu  per  g dry  we igh t  wi th  a
g
mean o f  7.1 x 10 . Once a g a i n ,  no p r o p i o n i b a c t e r i a  were d e t e c t e d  
upon a n a l y s i s  o f  i s o l a t e s .
A n a l y s i s  o f  S h e l l f i s h  and Fish 
I n t e s t i n e s  f o r  P r o p i o n i b a c t e r i a
S h e l l f i s h  and f i s h  i n t e s t i n e s  were ana l yzed  f o r  t h e  p r e s ­
ence o f  p r o p i o n i b a c t e r i a .  S h e l l f i s h  s u i t a b l e  f o r  consumpt ion
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F i gu r e  11.  E s t ua r y  s t u d y  a r e a ,  l e t t e r s  r e p r e s e n t
sample l o c a t i o n s .
COCHECO
R IV E R S ALM O N FALLS  
R I V E R
B E L L A M Y  R I V E R
O Y S T E R w  R I V E R
PI  SC A T  AQUA 
\  R I V E R
TO
ATLANTIC
OCEANL A M P R E Y  R IV E R
GREAT
B A Y
7 M I L E
SQUAMSCOTT
R I V E R
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were o b t a i n e d  from l o c a l  marke t s  and t h e  Ipswich S h e l l f i s h
Company, Ipswi ch ,  M a s s a c h u s e t t s .  S h e l l f i s h  deemed u n s u i t a b l e
f o r  consumpt ion due t o  f e c a l  p o l l u t i o n  in  t h e  o v e r l y i n g  w a t e r s
were o b t a i n e d  from t h e  Lawrence Exper imenta l  S t a t i o n ,  Lawrence,
M a s s a c h u s e t t s .  P r o p i o n i b a c t e r i a  were i s o l a t e d  in  one i n s t a n c e
from s h e l l f i s h  o b t a i n e d  from t h e  Ipswich S h e l l f i s h  Company a t
3
a l e v e l  o f  9 .2  x 10 c fu  per  g o f  meat .  P r o p i o n i b a c t e r i a  
were no t  d e t e c t e d  in  o t h e r  s h e l l f i s h .
Haddock and f l o u n d e r  i n t e s t i n e s  o b t a i n e d  from a l o c a l  f i s h  
marke t  d emons t r a t ed  no d e t e c t a b l e  p r o p i o n i b a c t e r i a  f l o r a .
DISCUSSION
There i s  i n d i r e c t  e v i den ce  s u g g e s t i n g  t h e  p r e s e n c e  o f ,  o r  . 
t h e  s u r v i v a l  p o t e n t i a l  o f  p r o p i o n i b a c t e r i a  w i t h i n  t he  mar ine  or  
e s t u a r i n e  envi ronment  ( T a r r ,  1954; MacLeod, 1954;  Vanderzan t  e t  
a l , 1971,  1972; B u l l o c k ,  1974;  M i l l e r ,  1979) .  On one o c c a s i o n ,
I r e c o v e re d  p r o p i o n i b a c t e r i a  from commercial  s o f t  s h e l l  clams in 
t h e  p r o c e s s o r ' s  p l a n t s .  What r o l e  in t h e  ecosys tem do t he  
p r o p i o n i b a c t e r i a  pe r f o r m?
A medium s e l e c t i v e  f o r  p r o p i o n i b a c t e r i a  was d e ve l op e d ,  KCP 
a g a r .  The medium was a m o d i f i c a t i o n  o f  t h e  YN6 a ga r  deve loped 
f o r  t h e  s e l e c t i v e  i s o l a t i o n  o f  t h e  genus B i f i d o b a c t e r i u m . YN6 a g a r  
a l s o  r e c o v e r s  S_. f a e c a l  i s  (M. Lev ine ,  pe r s ona l  communicat ion)  and 
t h e  d a i r y  s t r a i n s  o f  p r o p i o n i b a c t e r i a .  To e l i m i n a t e  t h e  b i f i d o ­
b a c t e r i a  and s t r e p t o c o c c i ,  t h e  f e r m e n t a b l e  carbon  s ou r c e  was v a r ­
i ed  t o  one t h a t  p r o p i o n i b a c t e r i a  can u t i l i z e  but  no t  t h e  o t h e r  two 
o rgan i s ms .  The YN5 a g a r  was modi f i ed  by s u b s t i t u t i n g  l a c t o s e  
wi th  g l y c e r o l ,  l a c t a t e ,  and g lu c os e  or  v a r i o u s  combina t ions  
t h e r e o f  (Table  1 ) .  The p r o p i o n i b a c t e r i a  can f e rmen t  a l l  o f  t h e s e  
s u b s t r a t e s  wh i l e  t he  b i f i d o b a c t e r i a  f e r men t  o n l y  g lu c os e  and S_. 
f a e c a l  i s  f e rmen t s  on l y  g l u c o se  and g l y c e r o l  (Holdeman,  Cato,  and 
Moore,  1977; MacFaddin,  1975) .  Table  2 shows m o d i f i c a t i o n  V and 
VI t o  p e rmi t  t h e  growth o f  t h e  p r o p i o n i b a c t e r i a  wh i l e  i n h i b i t i n g  
B_. a d o l e s c e n t i s  and S_. f a e c a l  i s . Both m o d i f i c a t i o n s  c o n t a i n e d  
o n l y  l a c t a t e  as t h e  f e r m e n t a b l e  carbon s o u r c e ;  t h e y  d i f f e r e d  in 
t h a t  VI d id  not  c o n t a i n  Q . 3 2 %  NaCl . S ince  NaCl had no e f f e c t  on
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the performance of the medium, it was eliminated and YN6 VI was
renamed KCP agar.
KCP a g a r  has a h igh  deg r ee  o f  e f f i c i e n c y  in t h e  r e c o v e r y  o f  
p r o p i o n i b a c t e r i a .  The r e c o v e r y  e f f i c i e n c y  o f  KCP a ga r  vs a non- 
s e l e c t i v e  medium, BHIA, i n  pure  c u l t u r e  e xpe r imen t s  was 95% 
o v e r a l l ,  wi th  a 90% and 105% r e c o v e r y  e f f i c i e n c y  f o r  nonda i r y  
and d a i r y  s t r a i n s ,  r e s p e c t i v e l y . When a p p l i e d  t o  t h e  a n a l y s i s
5
o f  s k i n  sampl es ,  KCP a g a r  produced an a ve r age  o f  3 . 5  x 10 c f u /
2
cm (Table  3 ) .  This  i s  w i t h i n  t h e  r ange  o f  p r o p i o n i b a c t e r i a
4 6normal ly  i n h a b i t i n g  t h e  s k i n  o f  humans,  6 .5  x 10 to  6 . 5  x 10 /
2
cm (Moore and Hoi deman, 1974) .  The r e c o v e r y  e f f i c i e n c y  o f  KCP 
a ga r  vs BHIA when a n a l y z i n g  s k i n  was 92%, s l i g h t l y  h i g h e r  t h a n  
t he  pure  c u l t u r e  r e c o v e r y  e f f i c i e n c y  o f  t he  n on da i r y  s t r a i n s ,  
90%. The d i s t i n c t i v e  advan t age  o f  KCP a ga r  ove r  BHIA i s  t h a t  
t he  former  was g r e a t e r  t h a n  99.9% s e l e c t i v e  f o r  p r o p i o n i b a c t e r i a  
among t he  s k i n  f l o r a .  Enumerat ing p r o p i o n i b a c t e r i a  on BHIA a ga r  
was c ompl i c a t e d  by t he  a p pea ra nce  o f  i n t e r f e r i n g  f a c u l t a t i v e l y  
a n a e r o b i c  o r gan i s ms ,  such as  m i c ro co cc us ,  s t a p h y l o c o c c u s ,  co r y -  
neforms ,  and g r a m- n e g a t i v e  r o d s .  I n c u b a t i o n  t i m e ,  c o l o n i a l  and 
c e l l u l a r  morphology,  and gas chromatography were r e q u i r e d  t o  
d i f f e r e n t i a t e  p r o p i o n i b a c t e r i a  from t h e  i n t e r f e r i n g  o r gan i sms .  
These t ime consuming s t e p s  were nega t ed  by t h e  s e l e c t i v e  p rop­
e r t i e s  o f  t h e  KCP a g a r .  All t he  organi sms  t h a t  grew on KCP agar  
were p r o p i o n i b a c t e r i a  (Table  3 ) .
S t e r i l e  s ed imen t s  seeded wi t h  _P. acnes  SK6 gave an ave r age  
r e c o v e r y  e f f i c i e n c y  o f  81% on KCP a g a r .  This  v a l ue  was s l i g h t l y  
lower  than t he  83% found when a s s a y i n g  from b r o t h  c u l t u r e s .  A 
d e c r e a s e  in r e c o v e r y  was expec t ed  due to t h e  n a t u r e  o f  b a c t e r i a
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t o  ad s o r b  t o  p a r t i c u l a t e  m a t t e r .  For t h i s  r e a s o n ,  s e v e r a l  d i l u ­
e n t s  were examined f o r  t h e i r  a b i l i t y  t o  enhance  r e c o v e r y .  Peptone 
wa t e r  i s  used by t h e  s a n i t a t i o n  m i c r o b i o l o g i s t  (A . P . H. A. ,  1971) .  
Peptone a c t s  as  a s u r f a c e  a c t i v e  a g e n t  and osmot i c  s t a b i l i z e r .  
Tween 80,  a n o n i o n i c  d e t e r g e n t  and a s u r f a c e  a c t i v e  a g e n t ,  was 
added t o  t h e  pep tone  w a t e r  d i l u e n t  to  f u r t h e r  enhance t h e  d i s r u p ­
t i o n  o f  c lumps .  Cyste ine-HCl  was added t o  both as a r e du c i ng  
a g e n t ,  t o  p r o v i de  a more f a v o r a b l e  envi ronment  f o r  t he  i s o l a t i o n  
o f  a n a e r o b i c  b a c t e r i a .  The a n a e r o b i c  s a l t s  d i l u e n t  o f  Holdeman,  
Cato ,  and Moore (1977) wi th  and w i t h o u t  Tween 80 was e v a l u a t e d .  
Table  5 showed t h e  a n a e r o b i c  s a l t s  d i l u e n t  t o  be t h e  most  e f f e c ­
t i v e  in  r e c o v e r i n g  P_. acnes  SK6 from seeded s ed i men t s  w i t h  an 
e f f i c i e n c y  o f  81%.
Problems were en co u n t e r e d  when KCP a g a r  was u t i l i z e d  i n  en­
v i ronment s  where l a r g e  numbers o f  C l o s t r i d i a  were e n c o u n t e r e d .  
Within t h e  genus C l o s t r i d i u m , t h e r e  a r e  l a c t a t e - u t i l i z i n g  and 
p r o t e o l y t i c  s p e c i e s  t h a t  a r e  n a t u r a l  i n h i b i t a n t s  o f  mar ine  s e d i ­
ments and s o i l s  (Holdeman,  Cato ,  and Moore,  1977) .  These o r g a n­
i sms ,  i f  r e s i s t a n t  t o  t he  a n t i b i o t i c s ,  grew on t he  medium, as
evidenced by t h e  i s o l a t i o n  o f  t h e s e  organi sms  on KCP a g a r ,  r ang-
2 4ing from 2 . 0  x 10 t o  8 . 8  x 10 per  g d ry  we i gh t  o f  s ed im en t .
I f  t h e  c l o s t r i d i a l  p o p u l a t i o n  i s  smal l  i n  r e l a t i o n  t o  t h e  pro-  
p i o n i b a c t e r i a l  p o p u l a t i o n ,  no problem in enumer a t i ng  t h e  l a t t e r  
w i l l  o c c u r ,  s i n c e  t h e  c l o s t r i d i a l  numbers w i l l  be reduced  to  a 
l e v e l  where they  w i l l  no t  i n t e r f e r e  wi t h  c o u n t i n g  c o l o n i e s .  The 
p r o p i o n i b a c t e r i a  can be d i f f e r e n t i a t e d  from t he  c l o s t r i d i a  on 
KCP a g a r  by i n c u b a t i o n  t ime and c o l o n i a l  morphology:  c l o s t r i d i a l  
c o l o n i e s  w i l l  grow t o  maximum s i z e  in two t o  t h r e e  days produc ing
61
r a i s e d ,  i r r e g u l a r ,  o f f - w h i t e  t o  y e l l o w  c o l o n i e s  w i t h  a d i a m e t e r  o f  
t h r e e  t o  f i v e  mm. The p r o p i o n i b a c t e r i a l  c o l o n i e s  a r e  c i r c u l a r ,  
smooth,  e n t i r e ,  convex t o  umbonate,  and b lue  wi t h  a d i a m e t e r  o f  
one t o  two mm ( F i g u r e s  1 t h r ough  3 ) ,  and w i l l  no t  r e ach  maximum 
s i z e  f o r  f i v e  t o  seven days o f  i n c u b a t i o n .
The f a i l u r e  t o  d e t e c t  p r o p i o n i b a c t e r i a  i n  t h e  e s t u a r i n e  s e d i ­
ments i n d i c a t e  e i t h e r  t h e i r  absence  o r  t h a t  t h e y  a r e  below t he  
d e t e c t a b l e  l i m i t s  due t o  d i l u t i o n  o r  overgrowth  by C l o s t r i d i a .
S h e l l f i s h ,  because  o f  t h e i r  f i l t e r - f e e d i n g ,  t end t o  concen­
t r a t e  b a c t e r i a  found in t h e  o v e r l y i n g  w a t e r s .  P r o p i o n i b a c t e r i a  
were below d e t e c t a b l e  l i m i t s  in a l l  samples  wi t h  one e x c e p t i o n .
One sample from t h e  Ipswich  S h e l l f i s h  Company de mo n s t r a t ed  9 .2  x
3
10 cfu  per  10 g o f  w e i g h t .  The i s o l a t e s  f e rmen t ed  l a c t o s e ,  
f a i l e d  t o  l i q u e f y  g e l a t i n  and produce  i n d o l e  i n d i c a t i n g  them t o  
be members o f  t h e  d a i r y  a s s o c i a t e d  p r o p i o n i b a c t e r i a . I t  should  
be noted t h a t  t he  s h e l l f i s h  used by t h e  Ipswich S h e l l f i s h  Company 
a r e  not  n a t i v e ,  t h e y  a r e  c o l l e c t e d  in Maryland from t he  Chesapeake 
Bay and t r a n s p o r t e d  t o  M as sa ch us e t t s  v i a  r e f r i g e r a t e d  t r u c k s .  Sub­
s equen t  i n v e s t i g a t i o n  r e v e a l e d  no d e t e c t a b l e  p r o p i o n i b a c t e r i a  from 
t h e  s h e l l f i s h .
S h e l l f i s h  o b t a i n e d  from wa te r s  c l o s e d  t o  s h e l l  f i s h i n g  due t o  
f e c a l  c o n t a mi n a t i o n  d emo ns t r a t ed  no d e t e c t a b l e  p r o p i o n i b a c t e r i a .
3
The t o t a l  c o l i f o r m  index f o r  t h e s e  samples  ranged from 2 . 3  x 10
3
t o  7 .9  x 10 per  10 g o f  we i gh t .  Anaerobic  p l a t e  count s  on BHIA
5 5ranged from 1.7  x 10 t o  2 . 3  x 10 c fu per  10 g o f  w e i gh t .  F a i l u r e  
to  d e t e c t  p r o p i o n i b a c t e r i a  in con tamina ted  s h e l l f i s h  i n d i c a t e s
t h e i r  i n e f f e c t i v e n e s s  as a f e ca l  i n d i c a t o r  o r g a n i s m .
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Since  MacLeod et_ al_ (1954) and T a r r  (1954) o b t a i n e d  l a r g e  num­
bers  o f  c o r y n e b a c t e r i a  from t h e  i n t e s t i n e s  o f  f i s h ,  i t  was dec ided  
t o  a t t e m p t  t h e  i s o l a t i o n  o f  p r o p i o n i b a c t e r i a  from t h e  i n t e s t i n e s  o f  
haddock and f l o u n d e r .  Once a ga i n  p r o p i o n i b a c t e r i a  were not  d e t e c t e d ,  
i n s t e a d  C l o s t r i d i a  were i s o l a t e d .  Shewan (1938) o b t a i n e d  s i m i l a r  
r e s u l t s  whi l e  i n v e s t i g a t i n g  t h e  a n a e r o b i c  f l o r a  o f  haddock.
F a i l u r e  to  d e t e c t  p r o p i o n i b a c t e r i a  in  t h e  e s t u a r i n e  ecosys tem 
and f i s h  prompted i n v e s t i g a t i o n  o f  t h e  s u r v i v a l  o f  t h e s e  b a c t e r i a  
i n  s e a w a t e r .  Jones  (1971) s t a t e s  t h a t  t h e r e  e x i s t  many p h y s i c a l ,  
c h emi ca l ,  and b i o l o g i c a l  mechanisms f o r  t h e  d e s t r u c t i o n  o f  f r e s h ­
wa te r  mic roorgani sms  in t he  mar ine  env i ronment :  s u n l i g h t ,  t e mp er a ­
t u r e ,  s a l i n i t y ,  low l e v e l s  o f  o r g a n i c  m a t t e r ,  a n t i b i o t i c s ,  heavy 
m e t a l s ,  b a c t e r i o p h a g e ,  p a r a s i t i s m ,  l y s i s ,  and p r e d a t i o n .  Any o r  
a l l  o f  t h e s e  f a c t o r s  may i n f l u e n c e  an o r g a n i s m ' s  s u r v i v a l  i n  a 
p a r t i c u l a r  env i ronment .
S t r a i n s  o f  p r o p i o n i b a c t e r i a  were c u l t u r e d  in o r g a n i c a l l y  r i c h  
medium c o n t a i n i n g  v a r i o u s  c o n c e n t r a t i o n s  o f  s ea wa t e r  t o  d e t e r mi ne  
whe ther  s a l i n i t y  had an e f f e c t  on growth.  The nonda i r y  s t r a i n s  o f  
p r o p i o n i b a c t e r i a  ( F i g u r e  4 t h rough  9 and Table  6) d emo n s t r a t e  t he  
p r e sen ce  o f  s ea w a t e r  t o  be s t i m u l a t o r y  f o r  growth.  I n i t i a l l y ,  a 
l o n g e r  l a g  phase was produced in  t he  s ea w a t e r  based medium. Once 
growth i s  i n i t i a t e d ,  g e n e r a t i o n  t imes  were s h o r t e r  i n  t h e  p r e s e nc e  
o f  s e a w a t e r .  The s t i m u l a t o r y  e f f e c t  o f  s eawa t e r  might  be due to  
t h e  i n c r e a s e  o f  one o r  more ions  r e q u i r e d  f o r  enzyme f u n c t i o n  or  
c e l l  s t r u c t u r e ,  such as Mg o r  Ca
The d a i r y  s t r a i n ,  P_. f r e u d e n r e i c h i i  s s .  s h e r m a n i i , d emo n s t r a t e  
t h e  conver se  o f  t he  n onda i r y  s t r a i n s  ( F i g u re  10 and Table  6 ) .  As 
t h e  s eawa t e r  c o n c e n t r a t i o n  i n c r e a s e d ,  t he  l ag  phase and g e n e r a t i o n
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time also increased. Salinity exhibited an inhibitory effect upon
the generation time of this organism, but does not effect the yield.
The g e n e r a t i o n  t imes  f o r  t h e  p r o p i o n i b a c t e r i a  a r e  r e l a t i v e l y  
long in compar i son t o  many organi sms  wi th  which t h e y  must  compete 
(Lee e t  a l , 1974) .  The g e n e r a t i o n  t imes  found i n  t h i s  s t ud y  were 
c o n s i s t e n t  wi t h  t h o s e  o b t a i n e d  by p r ev io u s  i n v e s t i g a t o r s .  Lee e t  
al  (1974) found a d a i r y  s t r a i n  o f  p r o p i o n i b a c t e r i a  t o  have a g e n e r a ­
t i o n  t ime o f  9 h in  a l a c t a t e  medium. F i e l d s  and L i c h s t e i n  (1957)  
found t h e  g e n e r a t i o n  t ime o f  s e v e r a l  s t r a i n s  o f  _P. f r e u d e n r e i c h i i  
t o  r ange  from 6 t o  38 h in  a g l u c o s e - b a s e d  medium. In an i n v e s t i ­
g a t i o n  o f  14 c u l t u r e s ,  B r i t z  and Steyn (1975) o b t a i n e d  g e n e r a t i o n  
t imes  o f  6 to  20 h. S t a l o n s ,  T h r o ns be r ry ,  and Dowell (1974)  ob­
t a i n e d  a g e n e r a t i o n  t i me  o f  8 h w i t h  a l a g  phase  o f  a p p r o x i ma t e l y  
20 h wi th  £_. acnes  in  a h i g h l y  n u t r i t i o u s  medium.
The t e m p e r a t u r e s  o f  t h e  e s t u a r y  range  from 20°C t o  below 0°C, 
t h e r e f o r e ,  t h e  growth e xpe r imen t s  were r e p e a t e d  t o  b e t t e r  s i m u l a t e  
t he  t e m p e r a t u r e s  in  n a t u r e :  25° ,  15° ,  and 4°C. No growth was ob­
served  f o r  a l l  s t r a i n s  a t  any o f  t h e  above t e m p e r a t u r e s .
The s u r v i v a l  o f  two n o n d a i r y ,  P_. acnes  SK6 and £ .  qranulosum 
SK7, and one d a i r y  s t r a i n ,  _P. f r e u d e n r e i c h i i  s s .  sher mani i  SCI,  
were i n v e s t i g a t e d  in  s e a w a t e r  devoid  o f  o r g a n i c  m a t e r i a l  a t  4°C 
and 15°C under  an a tmosphere  o f  n i t r o g e n  o r  ambien t  a i r .  The non­
d a i r y  s t r a i n s  d e mo n s t r a t ed  c o n s i d e r a b l e  s u s c e p t i b i l i t y  t o  s t o r a g e  
in s eawa t e r  a t  t h e  h i g h e r  t e m p e r a t u r e  no m a t t e r  t he  t ype  o f  a tmos­
phere  p r e s e n t  (Table  7 ) .  P. acnes  SK6 f e l l  below d e t e c t a b l e  l i m i t s  
in 1 to  2 d in a i r  and n i t r o g e n  a tm o s ph e re s ,  r e s p e c t i v e l y . £ .
qranulosum SK7 had s l i g h t l y  b e t t e r  s u r v i v a l ,  f a l l i n g  below d e t e c t a b l e
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l i m i t s  in  4 d in  both a t mo s p h e r e s .  The d a i r y  s t r a i n  e x h i b i t e d  t he  
b e s t  s u r v i v a l  a t  15°C, r e a c h i n g  99% d i e - o f f  in seven days .
Al l  s t r a i n s  demons t ra t ed  b e t t e r  s u r v i v a l  a t  t h e  lower  t empe r a ­
t u r e  o f  4°C. P_. acnes  SK6 could  not  be d e t e c t e d  a t  3 and 5 d s t o r ­
age in  n i t r o g e n  and a i r ,  r e s p e c t i v e l y . £_. qranulosum SK7 was no t
d e t e c t a b l e  a t  6 and 7 d in n i t r o g e n  and a i r ,  r e s p e c t i v e l y .  Once 
a g a i n ,  P_. f r e u d e n r e i c h i i  s s .  shermani i  SCI d emons t r a t ed  t h e  b e s t  
s u r v i v a l ,  a f t e r  7 d o f  s t o r a g e  43% o f  t he  inoculum had been i n a c t i ­
v a t e d .  T h e r e f o r e ,  a l l  s t r a i n s  e x h i b i t e d  an i n c r e a s e  in s u r v i v a l  
a t  t h e  lower  t e m p e r a t u r e s .
Using d i f f u s i o n  chambers in  s i t u , Vascoce los  and Swar tz  (1976) 
found s u r v i v a l  o f  c o l i  and o t h e r  o rgani sms  a l s o  t o  be i n v e r s e l y  
r e l a t e d  t o  wa te r  t e m p e r a t u r e .  H ighes t  f a t a l i t i e s  were observed  
among c e l l s  exposed t o  1 5°C as opposed t o  9°C. Cox (1976) found 
low t e m p e r a t u r e s  t o  be more conduc i ve  t o  t h e  p r e s e r v a t i o n  o f  bac ­
t e r i a  prov ided  co ld  shock was a b s e n t .  Jones  (1971) s t a t e s  t h a t  t he  
low t e mp e r a t u r e s  o f  t h e  oceans  seem t o  have a p r o l on g i n g  e f f e c t  on 
t he  i n a c t i v a t i o n  o f  o rgani sms  in s ea wa t e r  due to  t h e  s lowing  of  
t h e i r  me tabo l i sm.
I t  i s  i n t e r e s t i n g  t o  no te  from Table  7 ,  t h a t  t h e  nonda i ry  
s t r a i n s  e x h i b i t e d  s h o r t e r  s u r v i v a l  p e r i o d s  in  t h e  p r e s e nc e  o f  n i ­
t r o g e n  than  a i r .  One would e xp ec t  t h e  o p p o s i t e  s i n c e  t h e  p r o p i o n i -  
b a c t e r i a  a r e  a n a e r o b i c  o r g a n i s ms .  P r o p i o n i b a c t e r i a ,  a l t h o u g h  
a n a e r o b i c ,  a r e  c o n s i d e r e d  ve ry  a e r o t o l e r a n t  (Moore and Hoi deman,  
1974) ,  be ing a b l e  t o  s u r v i v e  long pe r i od s  o f  exposur e  to  a i r  w i t h ­
ou t  a f f e c t i n g  v i a b i l i t y .  I t  might  be t h a t  t he  p r e sen ce  o f  oxygen 
f u r t h e r  slows t he  c e l l  me t abo l i sm,  analogous  t o  t he  e f f e c t  o f  low 
t e m p e r a t u r e s ,  making them l e s s  s u s c e p t i b l e  to  t he  d e t r i m e n t a l
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f a c t o r s  a s s o c i a t e d  wi t h  s t o r a g e  i n  s e a w a t e r .  The d a i r y  s t r a i n ,  _P. 
f r e u d e n r e i c h i i  s s .  she r man i i  SCI,  was i n d i f f e r e n t  t o  t h e  a tmosphere  
in  which i t  i s  s t o r e d  (Table  7 ) .  The d a i r y  s t r a i n s  a r e  t h e  most  
a e r o t o l e r a n t  o f  t h e  genus Pr op i on i  b a c t e r i  urn (Moore and Hoi deman, 
1974) .  Upon r e p e a t e d  t r a n s f e r s  in  t he  l a b o r a t o r y ,  t he y  t end  t o  
become more a e r o b i c ,  t o  t he  p o i n t  where some w i l l  grow as wel l  a e r ­
o b i c a l l y  as t he y  do a n a e r o b i c a l l y .
The absence  o f  d e t e c t a b l e  numbers o f  p r o p i o n i b a c t e r i a  in t he  
e s t u a r i n e  env i ronment  was due t o  t he  t e m p e r a t u r e s  w i t h  which t he  
organism must  c o n t e nd .  In o r d e r  to r each  t h e  a n a e r o b i c  sed imen t s  
o f  the  e s t u a r y  from sewage e f f l u e n t  or  l and  r u n - o f f ,  t h e  p r o p i o n i -  
b a c t e r i a  would have t o  pass  t h rough  t he  wa te r  column.  Data i n d i ­
c a t e  t h e i r  a b i l i t y  t o  s u r v i v e  in  s eawa t e r  i s  r a t h e r  l i m i t e d .  Th e i r  
s u r v i v a l  would be i n c r e a s e d  in  t h e  c o l d e r  months ,  l a t e  w i n t e r ,  and 
e a r l y  s p r i n g .  Those c e l l s  t h a t  do r e ach  t h e  a n a e r o b i c  sed imen t s  
w i l l  no t  grow t o  s u b s t a n t i a l  l e v e l s  because  o f  t he  t e m p e r a t u r e s  o f  
t h e  Great  Bay E s t u a r y .  The p r o p i o n i b a c t e r i a  wh i l e  in t he  sed imen t s  
a r e  s u b j e c t  to  p r e d a t i o n  by b a c t e r i a ,  p r o t o z o a ,  copepods ,  and f i l ­
t e r - f e e d i n g  a n i m a l s .  P r e d a t i o n  i s  an i m p o r t a n t  b i o l o g i c a l  f a c t o r  
in c o n t r o l l i n g  t h e  m i c r o b i a l  p o p u l a t i o n  o f  b a c t e r i a  t h a t  a r e  i n c a p a ­
b l e  o f  compet ing in  t he  mar ine  env i ronment  ( J o n e s ,  1971) .  Wi thout  
t he  a b i l i t y  t o  p r o p a g a t e ,  t he  l e v e l s  o f  p r o p i o n i b a c t e r i a  would 
d e c l i n e  to  u n d e t e c t a b l e  numbers.
The o b s e r v a t i o n  t h a t  a s e a w a t e r - b a s e d  medium was growth s t i mu ­
l a t i n g  f o r  some s t r a i n s  o f  p r o p i o n i b a c t e r i a  has i m p o r t a n t  i m p l i c a t ­
ions  in  t he  a r e a  o f  i n d u s t r i a l  f e r m e n t a t i o n s .  The p r o p i o n i b a c t e r i a  
a r e  a l r e a d y  commerc i a l l y  used f o r  t he  p r o d u c t i o n  o f  v i t ami n  
and wi th  t h e  growing c o s t  and s c a r c i t y  o f  o i l ,  t h e  p o s s i b i l i t y  o f
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us ing  m i c r o b i a l  f e r m e n t a t i o n s  f o r  chemical  f e e d s t o c k s ,  such as 
p r o p i o n a t e ,  a r e  becoming more f e a s i b l e .  One o f  t he  major  problems 
wi th  l a r g e  i n d u s t r i a l  f e r m e n t a t i o n s  i s  s u p p l y i n g  t h e  l a r g e  amount 
o f  wa te r  n e c e s s a r y  w i t h o u t  a f f e c t i n g  s u r r o u n d i n g  communi t i e s .
I f  t h e s e  f e r m e n t a t i o n s  cou ld  be per formed i n  s e a w a t e r  w i t h o u t  
d e t r i m e n t a l  e f f e c t s  t o  t h e  p r o c e s s ,  t h e  problem o f  wa te r  supp ly  
may be a l l e v i a t e d .
S h o r t e r  g e n e r a t i o n  t i me s  e x h i b i t e d  by some p r o p i o n i b a c t e r i a  
in a s e a w a t e r - b a s e d  medium would be e c o n o mi ca l l y  a dv an t a g e o u s ,  
more p roduc t  be ing  produced per  u n i t  o f  t i me .  The s h o r t e r  g e n e r a ­
t i o n  t i m e s ,  c oup l ed  wi t h  t h e  h ig h - s pe ed  r e a c t o r s  be ing deve loped 
in o t h e r  l a b s  a t  t h e  U n i v e r s i t y  o f  New Hampshi re ,  cou ld  i n c r e a s e  
p r o d u c t i v i t y  s e v e r a l  t imes  ove r  c on v en t i o n a l  f e r m e n t a t i o n  methods .
P r ev i ous  i n v e s t i g a t i o n s  d e a l i n g  w i t h  t h e  i s o l a t i o n  o f  p ro ­
p i o n i b a c t e r i a  u t i l i z e d  n o n s e l e c t i v e  o r  l a c t a t e - e n r i c h e d  medium 
(.Johns,  1951a;  Mar p l es ,  McGinley,  and M i l l s ,  1973; Mackie and 
Heath,  1979) .  The major  d i s a d v a n t a g e  wi th  t h i s  approach  i s  t he  
r e c o ve ry  o f  o t h e r  o rgani sms  t h a t  can i n t e r f e r e  wi th  t h e  enumer a t ­
ion  o f  p r o p i o n i b a c t e r i a .  KCP a g a r  combines t h e  p r o p i o n i b a c t e r i a ' s  
a b i l i t y  t o  u t i l i z e  l a c t a t e  wi t h  t h e  a n t i b i o t i c s  n a l i d i x i c  a c i d ,  
a Gram-nega t ive  i n h i b i t o r ,  and neomycin,  a b roa d- s pec t r um a n t i ­
b i o t i c ,  t o  p ro v i de  a more s e l e c t i v e  medium f o r  P r o p i o n i b a c t e r i u r n . 
KCP a g a r  i s  no t  e f f e c t i v e  when used i n  i s o l a t i n g  p r o p i o n i b a c t e r i a  
from envi ronments  h igh i n  l a c t a t e  u t i l i z i n g  and p r o t e o l y t i c  C los ­
t r i d i a .  I t s  use in o t h e r  a r e a s  o f  r e s e a r c h ,  such as dermato logy  
and d a i r y  work,  i s  p r o mi s i ng .  I t  i s  g r e a t e r  than  99.9* s e l e c t i v e  
f o r  p r o p i o n i b a c t e r i a  i n  t h e  a n a l y s i s  o f  s k i n ,  d e m on s t r a t i n g  a 92% 
r ecover y  e f f i c i e n c y  compared to a n o n s e l e c t i v e  aga r  (Table  3 ) .
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